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FOREWORD 
I n  recent  years, t h e  U.S. Department of Energy (DOE), along w i t h  o ther  
federa l  agencies, has been assessing the  f e a s i b i l i t y  of e s t a b l i s h i n g  a per- 
formance t e s t i n g  o r  a c c r e d i t a t i o n  program f o r  occupational exposure measure- 
ments. Focus has been placed on personnel dosimetry, bioassay, and r a d i a t i o n  
p ro tec t i on  inst rumentat ion.  The pathway f o r  program development has been t o  
encourage the  devel opment o f  performance standards by na t iona l  consensus 
standards organizat ions,  t o  evaluate the  f e a s i b i l  i ty  and techn ica l  appropr i-  
ateness o f  t he  standards f o r  a p p l i c a t i o n  i n  DOE operat ions, and t o  develop 
and implement a r o u t i n e  performance t e s t i n g  program. These steps were com- 
p l e t e d  f o r  personnel dosimetry w i t h  the  establ ishment o f  t he  Department o f  
Energy Laboratory Acc red i ta t i on  Program (DOELAP). The DOE i s  now focusing on 
programs f o r  r a d i a t i o n  p r o t e c t i o n  ins t rumenta t ion  and bioassay. 
This r e p o r t  i s  one o f  a se r ies  o f  s tud ies  r e l a t e d  t o  the  performance o f  
radiobioassay labo ra to r ies .  It summarizes the  r e s u l t s  o f  a two-round na t ion-  
wide i n  v i t r o  bioassay intercomparison study based on d r a f t  ANSI Standard 
N13.30 "Performance C r i t e r i a  f o r  Radiobioassay. " 
The Interagency Committee f o r  Occupational Exposure Measurements, chai red 
by a representa t ive  o f  t he  Nat ional  Bureau o f  Standards (NBS) , has begun t o  
evaluate the  establ ishment o f  a bioassay a c c r e d i t a t i o n  program. The DOE plans 
t o  implement a performance t e s t i n g  program and w i l l  work c l o s e l y  w i t h  the  
Interagency Committee t o  e s t a b l i s h  a program t h a t  i s  cons is ten t  w i t h  the  needs 
o f  t he  DOE and o the r  federa l  agencies. 
To ensure consistency i n  our programs, we are  working very c l o s e l y  w i t h  
the U.S. Nuclear Regulatory Commission (NRC) on f e a s i b i l i t y  s tud ies  o f  t he  
standard. We g r a t e f u l l y  acknowledge t h e i r  techn ica l  con t r i bu t i ons  and j o i n t  
sponsorship of e a r l i e r  po r t i ons  o f  t he  study. 
iii 
Accurate and cons i s ten t  bioassay measurements are  essen t i a l  t o  t h e  
c o r r e c t  assessment o f  i n t e r n a l  occupat ional  exposure t o  r a d i o a c t i v e  ma te r ia l s .  
We s t r o n g l y  b e l i e v e  t h a t  cont inued e f f o r t s  a re  needed t o  improve t h i s  compon- 
e n t  o f  i n t e r n a l  exposure c o n t r o l .  
-. - - 
E. J. V a l l a r i o ,  A c t i n g  D i r e c t o r  
Rad io log ica l  Cont ro ls  D i v i s i o n  
O f f i c e  o f  Nuclear  Safe ty  
U.S. Department o f  Energy 
EXECUTIVE SUMMARY 
Accurate b ioassay measurements a r e  e s s e n t i a l  t o  c o r r e c t l y  assess 
i n t e r n a l  exposure t o  r a d i o a c t i v e  m a t e r i a l s .  To address t h e  n e c e s s i t y  f o r  
accura te  measurements, Hea l t h  Phys ics S o c i e t y  (HPS) Working Group 2.5 pre-  
pared a d r a f t  American Na t i ona l  Standards I n s t i t u t e  (ANSI) s tandard o f  per-  
formance f o r  rad iob ioassay  l a b o r a t o r i e s .  The d r a f t  s tandard p rov ides  va lues 
f o r  an accep tab le  minimum de tec tab le  amount (AMDA), and l i m i t s  f o r  r e l a t i v e  
b i a s  (Br) and r e l a t i v e  p r e c i s i o n  (SAY SB). The minimum de tec tab le  amount 
(MDA) i s  t h e  sma l l es t  amount o f  r a d i o a c t i v e  m a t e r i a l  de tec tab le  u s i n g  a 
s p e c i f i e d  b ioassay procedure and i ns t rumen ta t i on .  The AMDA i s  t h e  minimum 
MDA des ignated as accep tab le  by t h e  d r a f t  standard; AMDAs a r e  s p e c i f i c  t o  a  
rad ionuc l  i d e  and a n a l y s i s  type. 
T h i s  r e p o r t  i s  p a r t  o f  a  p r o j e c t  t o  s tudy  t h e  appropr ia teness  o f  d r a f t  
ANSI Standard N13.30, "Performance C r i t e r i a  f o r  Radiobioassay." The p r o j e c t  
invo lved :  
a  nat ionwide,  two- round in te rcompar ison  s tudy  t o  t e s t  t h e  
a n a l y t i c a l  performance o f  bo th  i n  v i t r o  and i n  v i v o  b ioassay 
l a b o r a t o r i e s  and t o  t e s t  t h e i r  a b i l i t i e s  t o  meet t h e  minimum 
performance c r i t e r i a  s p e c i f i e d  i n  t h e  d r a f t  ANSI s tandard 
t asks  r e l a t e d  t o  e s t a b l  i s h i n g  an a c c r e d i t a t i o n  1 abora to ry ,  such as 
f o r m u l a t i n g  t e s t  ma t r i ces ,  de te rm in ing  source d i s t r i b u t i o n  e f f e c t s  
c h a r a c t e r i s t i c  o f  i n  v i v o  phantoms, and p repa r i ng  t e s t  manuals and 
procedures. 
Th i s  r e p o r t  p rov ides  r e s u l t s  o f  t h e  two- round na t ionwide  i n  v i t r o  b ioassay 
in te rcompar ison  study. 
Conclusions were based on analyses by 35 b ioassay l a b o r a t o r i e s  o f  n e a r l y  
1400 a r t i f i c i a l  u r i n e  samples c o n t a i n i n g  known q u a n t i t i e s  o f  r ad ionuc l  ides .  
The t e s t  r ad ionuc l  i des  were 3 ~ ,  89~r ,  'Osr, 2 3 8 ~ u ,  241~m, 1 3 7 ~ s ,  6 0 ~ o ,  and 
n a t u r a l  uranium. The da ta  r e p o r t e d  i n c l u d e d  background count  r a tes ,  t o t a l  
sample counts, coun t i ng  t imes,  coun t i ng  e f f i c i e n c i e s ,  sample y i e l d s ,  and 
es t imated  e r r o r s  o f  t h e  de te rmina t ions .  The measurement da ta  were eva lua ted  
according t o  s t a t i s t i c a l  methods presented i n  the  November 1985 vers ion  o f  
the  d r a f t  ANSI Standard N13.30. If a l a b o r a t o r y  f a i l e d  a  performance t e s t  
f o r  any one o f  t he  th ree  c r i t e r i a ' ,  t h e  l abo ra to ry  was considered t o  have 
f a i l e d  t h e  t e s t  f o r  t h a t  category. 
The study r e s u l t s  po in ted  o u t  t h a t  many of t he  p a r t i c i p a t i n g  l abo ra to-  
r i e s  had d i f f i c u l t y  meeting the  performance c r i t e r i a  spec i f i ed  i n  t he  d r a f t  
A N S I  Standard N13.30. F a i l u r e  t o  meet the  c r i t e r i a  i n  alpha spectrometry 
occurred p r i m a r i l y  because o f  c a l c u l a t e d  MDAs which were g r e a t e r  than the  
s p e c i f i e d  AMDAs. Uranium ana lys i s  f a i l u r e s  occurred because o f  a  combination 
o f  unacceptable MDAs and r e l a t i v e  b iases (6,). The causes o f  f a i l u r e  i n  t h e  
gamma spectrometry were equa l l y  d i s t r i b u t e d  between the  MDA and r e l a t i v e  b i a s  
(Br) c r i t e r i a .  The 1  i q u i d  s c i n t i l l a t i o n  category had the  fewest f a i l u r e s .  
The general beta- count ing category had t h e  most f a i l u r e s ,  p o s s i b l y  because o f  
the  ex tens ive  prepara tory  chemistry requ i red  du r ing  s t ron t i um analyses. 
Radionucl ide ca tegor ies  which over  50% of t h e  p a r t i c i p a n t s  f a i l e d  inc luded 
"sr, 2 3 8 ~ u ,  and 2 4 1 ~ m  (83%, 55%, and 67%, r e s p e c t i v e l y ) .  
Al though t e s t i n g  o f  r e l a t i v e  b i a s  and r e l a t i v e  p r e c i s i o n  e r r o r  f o r  a  
rad ionuc l i de  i s  c u r r e n t l y  l i m i t e d  by t h e  standard t o  l e v e l s  g rea te r  than 
10 t imes the  AMDAY the  d i f f e rences  between the  h igh  and low concent ra t ion  
t e s t i n g  l e v e l s  i n  t he  percentage o f  l a b o r a t o r i e s  f a i l i n g  the  c r i t e r i a  a r e  
s t i l l  o f  i n t e r e s t .  As might  be expected, t e s t i n g  a t  2 t o  5  t imes t h e  AMDA 
r e s u l t e d  i n  h ighe r  f a i l u r e  percentages than when the  t e s t i n g  concent ra t ions  
were a t  10 o r  more t imes the  AMDA. Although t h e  d i f f e r e n c e  was c o n s i s t e n t  a t  
about 5% t h e  conf idence l e v e l  f o r  bo th  rounds o f  t e s t i n g ,  i t  was n o t  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  a t  t h e  90% conf idence l e v e l .  I f  t h e  t e s t i n g  l e v e l  were 
t o  be lowered f rom 10 t o  3  t imes t h e  AMDA a t  a  f u t u r e  date, f a i l u r e s  would 
n o t  be expected t o  increase s i g n i f i c a n t l y .  
Ove ra l l ,  one- th i rd  o f  t h e  p a r t i c i p a t i n g  l a b o r a t o r i e s  f a i l e d  the  MDA c r i -  
t e r i o n ,  one- four th f a i l e d  t h e  r e l a t i v e  b i a s  c r i t e r i o n ,  and one- tenth f a i l e d  
bo th  the  r e l a t i v e  b i a s  and MDA c r i t e r i a .  There were no d i s c e r n i b l e  t rends  
i d e n t i f i e d  f o r  measurement performance from the  f i r s t  t o  second round o f  t e s t -  
ing. Th i s  f i n d i n g  con t rad i c ted  the  expectat ions o f  those who, be fore  analyz-  
i n g  t h e  data, be1 ieved t h a t  l a b o r a t o r i e s  would improve t h e i r  performance a f t e r  
t h e  f i r s t  round of p a r t i c i p a t i o n .  
The p r imary  o b j e c t i v e  o f  t h i s  p r o j e c t  was t o  eva lua te  t h e  app rop r i a te-  
ness o f  t e s t  c r i t e r i a  i n  t h e  d r a f t  ANSI Standard N13.30. Performance t e s t i n g  
was t h e r e f o r e  designed t o  determine whether t h e  c r i t e r i a  a r e  reasonably  
ach ievab le  by a c t i v e  rad iob ioassay  l a b o r a t o r i e s ,  t o  p r o v i d e  r e l a t i v e  pre-  
c i s i o n  and r e l a t i v e  b i a s  es t ima to rs  f o r  t h e  p a r t i c i p a t i n g  l a b o r a t o r i e s ,  and 
t o  recommend improvements t o  t h e  d r a f t  standard. Based on two rounds o f  i n  
v i t r o  t e s t i n g ,  s t a f f  concluded t h a t  t h e  performance c r i t e r i a  se lec ted  a r e  
a p p r o p r i a t e  and a r e  ach ievab le  by most cand ida te  l a b o r a t o r i e s .  The f o l l o w i n g  
s p e c i f i c  conc lus ions  were drawn: 
The AMDA c r i t e r i a  a r e  t h e  most d i f f i c u l t  f o r  t h e  l a b o r a t o r i e s  t o  
meet. 
The r e l a t i v e  b i a s  c r i t e r i o n  i s  second i n  d i f f i c u l t y .  R e l a t i v e  p re-  
c i s i o n  presented 1  i ttl e  problem f o r  t h e  1  abo ra to r i es .  
The performance c r i t e r i a  o f  t h e  d r a f t  s tandard a r e  a t t a i n a b l e ,  b u t  
many l a b o r a t o r i e s  w i l l  be r e q u i r e d  t o  make s i g n i f i c a n t  improvements 
i n  performance. 
The d r a f t  s tandard i d e n t i f i e s  t h e  l a b o r a t o r y  performance l e v e l s  neces- 
sa ry  t o  meet r a d i a t i o n  p r o t e c t i o n  needs. The p r ima ry  b e n e f i t  o f  t h e  d r a f t  
s tandard  w i l l  be t o  p rov ide  a  s i n g l e  s tandard a g a i n s t  which a n a l y t i c a l  per-  
formance may be measured. To d e r i v e  t h e  maximum b e n e f i t  f rom t h e  standard, 
performance t e s t i n g  shou ld  cont inue.  A l though r e l a t i v e  p r e c i s i o n  and, thus,  
MDAs may be improved th rough i n t e r n a l  q u a l i t y  c o n t r o l ,  r e l a t i v e  b i a s  improve- 
ment may- r e q u i r e  a  qua1 i ty  c o n t r o l  program e x t e r n a l  t o  t h e  f a c i l i t y  t o  ensure 
t h a t  a l l  f a c i l i t i e s  a r e  c a l i b r a t e d  t o  t h e  same standard. 
Recommendations f o r  t h e  r e v i s i o n  o f  d r a f t  ANSI Standard N13.30 inc lude :  
a  r e v i s e d  fo rmu la  f o r  t h e  r e l a t i v e  p r e c i s i o n  c a l c u l a t i o n  (SA),  t o  
a l l o w  summation ove r  more than  one a c t i v i t y  l e v e l  
changes i n  t h e  symbols used f o r  r e l a t i v e  p r e c i s i o n ,  t o  decrease 
con fus ion  w i t h  s tandard  d e v i a t i o n  es t ima to rs  
s i t e  v i s i t s  by  t e s t i n g  l a b o r a t o r y  personnel,  t o  a u d i t  t h e  per form-  
ance t e s t i n g  program. 
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acceptable minimum detec tab le  amount (AMDA) - The amount o f  r a d i o a c t i v e  
ma te r ia l  t h a t  techn ic ians  should be ab le  t o  measure, assuming t h a t  the  
samples a re  f r e e  o f  i n t e r f e r e n c e  from o the r  rad ionuc l  ides  (unless 
s p e c i f i c a l  l y  addressed). The va l  ues 1  i s t e d  should n o t  be construed as 
the  absolute minimum detec tab le  amount, b u t  r a t h e r  as an acceptable 
minimum detec tab le  amount based on good p r a c t i c e  and need. 
a c t i v i t y  - D i s i n t e g r a t i o n  r a t e  o f  a  s p e c i f i e d  q u a n t i t y  o f  r a d i o a c t i v e  mater- 
i l stated  i n  nuc lear  t rans format ion  ra te ,  becquerels, cur ies ,  o r  o the r  
acceptable u n i t s .  
appropr ia te  b lank - A sample, person, o r  phantom t h a t  i s ,  i d e a l l y ,  i d e n t i c a l  
i n  physiochemical ly-  and r a d i o l o g i c a l l y - s i g n i f i c a n t  ways w i t h  the  
sample, person, o r  phantom t o  be analyzed. The appropr ia te  blank may 
conta in  ambient q u a n t i t i e s  o f  t he  analytes.  For d i r e c t  bioassay, t he  
appropr ia te  b lank may a l s o  be the  sub jec t  of ana lys is ,  i f  one analyzes a  
p o r t i o n  o f  t h e  count versus energy spectrum t h a t  i s  unaf fec ted  by the  
rad ionuc l i de  o f  i n t e r e s t  and i f  one app l i es  a  c o r r e c t i o n  f a c t o r  
appropr ia te  f o r  o b t a i n i n g  a  b lank count f o r  t he  spec t ra l  reg ion (s )  o f  
i n t e r e s t .  An appropr ia te  b lank prov ides the  necessary s igna l  response 
i n  the  f i n a l  measurement process so t h a t  s igna ls  r e s u l t i n g  from ambient 
amounts o f  t he  analyte,  i n t e r f e r i n g  nucl ides,  and extraneous background 
r a d i a t i o n  may be subt rac ted  from s i g n a l s  from r o u t i n e  samples t o  permi t  
de tec t i on  and measurement o f  an a d d i t i o n a l  amount of ana ly te  above the  
ambient amount o f  t h e  ana ly te  normal ly  conta ined i n  t he  medium o f  
i n t e r e s t .  
background - Ambient s igna l  response recorded by measurement inst ruments t h a t  
i s  independent o f  r a d i o a c t i v i t y  con t r i bu ted  by t h e  rad ionuc l ides  being 
measured i n  t he  person o r  sample. 
b ias  - (a)  The dev ia t i on  o f  the  expected value o f  a  random v a r i a b l e  from a  -
corresponding c o r r e c t  value. (b )  A  f i x e d  d e v i a t i o n  from t h e  t r u e  value 
t h a t  remains constant  over  r e p l i c a t e d  measurements w i t h i n  t h e  s t a t i s t i c a l  
p r e c i s i o n  o f  t he  measurement. (Synonyms: d e t e r m i n i s t i c  e r r o r ,  f i x e d  
e r r o r ,  systematic e r r o r .  ) 
bioassay - Another term f o r  radiobioassay. 
S c o e f f i c i e n t  o f  v a r i a t i o n  ( A) - The q u o t i e n t  o f  t he  est imated standard devia-  
t i o n  o f  a  se r ies  o t  determinat ions, xl, x2, ... xi, ... o f  a  q u a n t i t y  
d i v ided  by t h e  mean value o f  xi; i.e., X~ ' 
(a)  D e f i n i t i o n s  a re  taken from d r a f t  ANSI Standard N13.30, except f o r  
" t - s t a t i s t i c "  and " t - t e s t " ,  which were de f ined s p e c i f i c a l l y  f o r  t h i s  
repo r t .  
where i = xi/N 
i =l 
o r  f o r  a  s i n g l e  measurement t he  q u o t i e n t  o f  the  es t imate  o f  t h e  standard 
d e v i a t i o n  ( i  .e., Poisson) d i v i d e d  by the  value o f  t he  s i n g l e  measure- 
ment. (synonymous w i t h  the  standard dev ia t ion ,  mu1 t i p 1  i e d  by 100 when 
expressed as percent) .  
concent ra t ion  - The q u a n t i t y  of r a d i o a c t i v e  ma te r ia l  i n  u n i t s  o f  a c t i v i t y  ( o r  
mass) per  u n i t  o f  volume o r  mass o f  a  medium. 
conf idence i n t e r v a l  - The i n t e r v a l  d e l i n e a t i n g  an est imate o f  a  q u a n t i t y  
w i t h i n  which t h e  c o r r e c t  va lue o f  t h e  q u a n t i t y  i s  expected t o  be ( w i t h  a  
s p e c i f i e d  p r o b a b i l i t y ) .  
d i r e c t  bioassay - Measurements o f  r a d i o a c t i v e  m a t e r i a l  i n  the  human body 
us ing  i ns t rumen ta t i on  t h a t  de tec ts  r a d i a t i o n  emi t ted  from t h e  rad io-  
a c t i v e  m a t e r i a l  i n s i d e  the  body. (Synonymous w i t h  i n  v i v o  measurement.) 
i n d i r e c t  bioassay - Measurements t o  determine the  presence o f  o r  t o  es t imate  
. t he  amount o f  r a d i o a c t i v e  m a t e r i a l  i n  excreta, o r  o t h e r  f l u i d s ,  h a i r ,  
breath, e t c .  removed from the  body. (Synonymous w i t h  i n  v i t r o  
measurement. ) 
i n  v i t r o  measurement - Synonymous w i t h  i n d i r e c t  bioassay. 
i n  v i v o  measurement - Synonymous w i t h  d i r e c t  bioassay. 
minimum detec tab le  amount (MDA) - The smal les t  amount o f  a  rad ionuc l i de  i n  a  
sample t h a t  w i l l  be detected w i t h  a  B - p r o b a b i l i t y  o f  non-detect ion 
 be be I 1  e r r o r )  w i t h  an a - p r o b a b i l i t y  o f  errone&sly d e t e c t i n g  t h a t  
rad ionuc l i de  i n  an appropr ia te  b lank sample (Type I e r r o r ) .  For t h i s  
standard, t he  a and 6 p r o b a b i l i t i e s  a re  bo th  s e t  a t  0.05. (See 
d e f i n i t i o n  f o r  acceptable minimum detec tab le  amount. ) 
phantom - A s imulated person o r  p a r t  o f  a  person used f o r  c a l i b r a t i o n  o f  i n  . 
v i v o  measurement systems. A  phantom i s  sometimes cons t ruc ted  t o  a l l o w  
placement o f  rad ionuc l i des  i n  a  geometry represent ing  i n t e r n a l  
deposi t ions.  
p r e c i s i o n  - D ispers ion  o f  measurements w i t h  respect  t o  a  measure o f  l o c a t i o n  
o r  c e n t r a l  tendency. 
p r e c i s i o n  s t a t i s t i c  - An e s t i m a t o r  o f  p r e c i s i o n  c a l c u l a t e d  f rom a  f i n i t e  
sample u s i n g  a  s p e c i f i e d  formula. 
qua1 i ty  assurance (QA) - Planned and sys temat ic  a c t i o n s  necessary t o  p rov ide  
adequate conf idence t h a t  analyses, measurements, o r  s u r v e i l l a n c e  
programs a r e  s a t i s f a c t o r y .  
q u a l i t y  c o n t r o l  ( Q C )  - Ac t i ons  t h a t  c o n t r o l  t h e  a t t r i b u t e s  o f  t h e  a n a l y t i c a l  
process, standards, reagents,  measurement equipment, components, system, 
o r  f a c i l i t y  accord ing  t o  predetermined q u a l i t y  requi rements.  
rad iob ioassay  - Measurement o f  r a d i o a c t i v e  m a t e r i a l  i n  t h e  body o r  i n  sample 
exc re ted  o r  removed f r om t h e  body. 
r e l a t i v e  b i a s  - The q u o t i e n t  o f  t h e  b i a s  and t h e  " t r u e "  value. 
r e l a t i v e  s tandard  d e v i a t i o n  - Synonymous w i t h  c o e f f i c i e n t  o f  v a r i a t i o n .  
r e l a t i v e  p r e c i s i o n  - The q u o t i e n t  o f  t h e  d i s p e r s i o n  o f  t h e  measurement and 
e i t h e r  t h e  t r u e .  va lue  o r  t h e  mean o f  t h e  measurement. 
s e r v i c e  l a b o r a t o r y  - Labo ra to r y  per fo rming  d i r e c t  and/or i n d i r e c t  r a d i o b i o -  
assay measurements f o r  and i n  b e h a l f  o f  a  use r  o f  r a d i o a c t i v e  m a t e r i a l .  
s tandard d e v i a t i o n  - The es t imated  d i s p e r s i o n  o f  a  s e t  o f  measurements as 
g i v e n  i n  t h e  equat ion  f o r  c o e f f i c i e n t  o f  v a r i a t i o n .  
t - s t a t i s t i c  - A s t a t i s t i c a l  d i s t r i b u t i o n  i n  which t h e  d e v i a t i o n  o f  t h e  meas- 
u r e d  mean f rom t h e  assumed mean i s  d i v i d e d  by  t h e  s tandard d e v i a t i o n  o f  
t h e  measured mean [t = ( x -p ) / ( s / n ) ] .  As t h e  number o f  samples i n  a  
p o p u l a t i o n  increases,  t approximates t h e  s tandard normal d i s t r i b u t i o n .  
t - t e s t  - A s t a t i s t i c a l  t e s t  used t o  es t ima te  t h e  d e v i a t i o n  o f  a  measured 
va lue  f rom an assumed mean. 
unbiased - Measurement o f  a  random v a r i a b l e  i s  unbiased i f  i t  has zero  b ias ,  -
i.e., i f  t h e  expected va lue  o f  t h e  measurement i s  equal t o  t h e  c o r r e c t  
va lue  o f  t h e  measured q u a n t i t y .  
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INTRODUCTION 
I n  r e c e n t  years,  ex tens i ve  research  has been conducted a t  t h e  P a c i f i c  
Northwest Labora to ry  ( PNL) ( a )  t o  improve occupat iona l  r a d i a t i o n  p r o t e c t i o n .  
Emphasis has been p laced  on improv ing  methods f o r  d e t e c t i n g  and c h a r a c t e r i z i n g  
r a d i a t i o n  sources t o  which workers may be exposed. O f  p a r t i c u l a r  concern has 
been t h e  accuracy o f  personnel dos imeters ,  r a d i a t i o n  survey inst ruments,  and 
b ioassay l a b o r a t o r y  measurements. The performance t e s t i n g  o f  personnel dos i -  
met ry  se rv i ces  i n  suppor t  o f  American Na t i ona l  Standards I n s t i t u t e  (ANSI) 
Standard N13.11 (ANSI 1983) has been t h e  s u b j e c t  o f  severa l  research p r o j e c t s  
a t  PNL and o t h e r  l a b o r a t o r i e s  (Yoder e t  a l .  1979; P l a t o  and Hudson 1980; P l a t o  
and M i  k l o s  1983; Roberson and Holbrook 1984). Techn ica l  eva lua t i ons  o f  t h e  
c a p a b i l i t y  o f  r a d i a t i o n  p r o t e c t i o n  survey i n s t r u m e n t a t i o n  t o  meet t h e  p e r f o r -  
mance s p e c i f i c a t i o n s  o f  t h e  1984 d r a f t  ANSI Standard ~ 4 2 . 1 7 ' ~ )  were j o i n t l y  
sponsored by t h e  U.S. Department o f  Energy (DOE) and t h e  Nuclear  Regu la to ry  
Commission (NRC) (Se lby  e t  a l .  1983; Swinth e t  a l .  1983; Kenoyer e t  a1. 1983). 
Bioassay measurements were f i r s t  addressed i n  t h e  P i l o t  Study Report  f o r  t h i s  
program (Robinson, F isher ,  and Hadley 1984) and a r e  f u r t h e r  d iscussed i n  t h i s  
r e p o r t .  The s t u d i e s  desc r i bed  here  were conducted t o  eva lua te  t h e  app rop r i -  
ateness o f  d r a f t  ANSI Standard ~ 1 3 . 3 0 ( ~ )  f o r  a c c r e d i t a t i o n  o f  DOE and DOE- 
c o n t r a c t o r  rad iob ioassay  l a b o r a t o r i e s .  
QUALITY OF RADIOBIOASSAY MEASUREMENTS 
Radiobioassay procedures a r e  used t o  es t ima te  t h e  amount o f  rad ionu-  
c l i d e s  i n s i d e  t h e  body. I n  v i t r o  ana l ys i s ,  one t ype  o f  b ioassay procedure, 
i nvo l ves  measuring r a d i o a c t i v i t y  i n  samples o f  body excre ta .  I n  v i v o  
a n a l y s i s  i n v o l v e s  measuring r a d i o a c t i v e  emiss ions f rom t h e  body ( x -  o r  gamma 
( a )  PNL i s  operated f o r  t h e  U.S. Department o f  Energy by  B a t t e l l e  Memorial 
I n s t i t u t e  under Con t rac t  DE-AC06-76RLO 1830. 
( b )  I n f o r m a t i o n  on d r a f t  ANSI Standard N42.17 i s  a v a i l a b l e  f rom J. M. Selby, 
P a c i f i c  Nor thwest  Laboratory ,  Rich land,  WA 99352. 
( c )  I n f o r m a t i o n  on d r a f t  ANSI Standard N13.30 i s  a v a i l a b l e  f rom Roscoe H a l l ,  
E. I. duPont De Nemours & Co., Savannah R i v e r  P lan t ,  A i  ken, SC 29801. 
rays )  us ing  r a d i a t i o n  de tec tors  c lose  t o  the  body. Accurate bioassay meas- 
urements a re  necessary t o  assess a worker 's  i n t e r n a l  dose fo l low i 'ng  an i n t a k e  
o f  r a d i o a c t i v i t y .  
S i g n i f i c a n t  d i f f e rences  e x i s t  i n  t he  a n a l y t i c  techniques used f o r  b i o -  
assay and i n  t h e  v a r i e d  physical /chemical  forms of rad ionuc l i des  measured. 
However, any e f f e c t i v e l y  managed bioassay program w i l l  be concerned w i t h  
q u a l i t y  c o n t r o l ,  so t h a t  accurate determinat ions are  made w i thou t  b i a s  due t o  
chemical form o f  t he  ma te r ia l  o r  a n a l y t i c a l  procedure used t o  make the  
measurement. 
The Heal th Physics Soc ie ty  (HPS) Working Group ~ . 5 ( ~ )  was formed i n  1979 
t o  address the  concern f o r  accurate measurements. Th is  group prepared a 
d r a f t  standard o f  a n a l y t i c a l  measurement performance f o r  radiobioassay l a b o r -  
a t o r i e s ,  d r a f t  ANSI Standard N13.30, "Performance C r i t e r i a  f o r  Radiobioassay." 
The pr imary  concern o f  the  Working Group was t h a t  bioassay se rv i ce  
l a b o r a t o r i e s ,  bo th  commercial and p r i v a t e  ( o r  i n s t i t u t i o n a l ) ,  may n o t  be 
p r o v i d i n g  accurate r e s u l t s  f o r  analyses performed. The fol l 'owing f a c t o r s  may 
c o n t r i b u t e  t o  a n a l y t i c a l  inaccuracies:  
A n a l y t i c a l  procedures may n o t  be adequate. 
Each l a b o r a t o r y  u s u a l l y  has i t s  own approach t o  a n a l y t i c a l  pro-  
cedures; methods o r  performance c r i t e r i a  common t o  a l l  l a b o r a t o r i e s  
a r e  l ack ing .  
There may be l i t t l e  mo t i va t i on  t o  upgrade and improve a n a l y t i c a l  
c a p a b i l i t i e s .  
Adequate ins t rumenta t ion  i s  expensive; there fore ,  analyses may be 
performed w i t h  inadequate inst rumentat ion.  
Q u a l i t y  assurance (QA) may be d e f i c i e n t  (e.g., no w r i t t e n  
procedures). 
(a )  The c u r r e n t  chairman o f  Hea l th  Physics Soc ie ty  Working Group 2.5 i s  
Roscoe H a l l ,  E. I. duPont de Nemours 81 Co., Savannah R ive r  P lan t ,  
Aiken, SC 29801. 
The d r a f t  s tandard s p e c i f i e s  numer ica l  va lues by n u c l i d e  f o r  acceptable 
minimum de tec tab le  amounts (AMDAs), r e l a t i v e  b i a s  (By) ,  and r e l a t i v e  p r e c i s i o r  
r e q u i r e d  (SA, SB). The c u r r e n t  d r a f t  s tandard remains a work ing  document o f  
t he  Hea l t h  Physics Soc ie t y  and was n o t  f o r m a l l y  adopted by  A N S I  as o f  January 
1988. 
The d r a f t  s tandard a l s o  i nc l udes  g u i d e l i n e s  t o  be used by f u t u r e  accred-  
i t i n g  l a b o r a t o r i e s  t o  t e s t  whether b ioassay s e r v i c e  l a b o r a t o r i e s  conform t o  
the  q u a n t i t a t i v e  performance c r i t e r i a  f o r  b i a s  and p r e c i s i o n  as w e l l  as t o  
s tandard q u a l i t y  c o n t r o l  procedures such as migh t  be r e q u i r e d  i n  a  t e s t  f o r  
l a b o r a t o r y  a c c r e d i t a t i o n .  
PROJECT PURPOSE 
The purpose o f  t h i s  p r o j e c t ,  "Technica l  Eva lua t i on  o f  D r a f t  A N S I  Stan- 
dard N13.30 'Performance C r i t e r i a  f o r  Radiobioassay'  ," was t o  eva lua te  t h e  
appropr ia teness o f  t h e  d r a f t  A N S I  s tandard  by conduc t ing  a b ioassay perform-  
ance in te rcompar ison  s tudy.  A t  comple t ion  o f  t h e  f i r s t  d r a f t  standard, t h e  
f o l l o w i n g  seven o b j e c t i v e s  o f  t h e  p r o j e c t  were fo rmu la ted :  
e s t a b l i s h  t e s t  procedures f o r  e v a l u a t i n g  b ioassay l a b o r a t o r i e s  i n  
accordance w i t h  t h e  d r a f t  s tandard 
s e t  up t h e  necessary l a b o r a t o r y  equipment and f a c i l i t i e s  t o  conduct 
p r e l i m i n a r y  t e s t i n g  o f  b ioassay l a b o r a t o r y  performance 
conduct two rounds o f  in te rcompar ison  t e s t i n g  
compi le  r e s u l t s  and compare t h e  performance o f  b ioassay l abo ra-  
t o r i e s  t o  t h e  d r a f t  s tandard performance c r i t e r i a  
analyze t h e  da ta  t o  determine sources o f  e r r o r  
a recommend any necessary r e v i s i o n s  t o  t h e  d r a f t  s tandard 
prepare a procedures manual f o r  a  l a b o r a t o r y  t o  f o l l o w  i n  conduc- 
t i n g  an ongoing per fo rmance- tes t ing  program f o r  b ioassay l a b o r a t o r y  
a c c r e d i t a t i o n .  
This research project involved three major phases: 1) develop testing 
procedures and establish laboratory faci l i t ies  for preparing test  samples and  
in v i v o  phantoms; 2 )  conduct a pilot intercomparison study with a small 
number of  voluntarily participating in vitro and in v i v o  laboratories; and 
3)  conduct a second-round intercomparison study w i t h  a larger number of 
participating laboratories. A procedures manual and a research program final 
report were included in the third phase. 
The in vitro results are presented in this report, and  the remainder of 
the report includes a description of the two rounds of in vitro testing, a - 
discussion of the results of those rounds, and  recommendations for future 
revisions of draft ANSI Standard N13.30. 
METHODS AND PROCEDURES 
Round One o f  i n  v i t r o  t e s t i n g  was conducted by the  P a c i f i c  Northwest 
Laboratory (PNL) us ing  a  group o f  vo lun teer  bioassay l abo ra to r i es .  Samples o f  
a r t i f i c i a l  u r i n e  con ta in ing  rad ionuc l ides  were sent  by PNL t o  the  p a r t i c i p a t -  
i n g  l a b o r a t o r i e s  along w i t h  i n s t r u c t i o n s  f o r  hand1 i n g  samples and r e p o r t i n g  
ana lys i s  data; PNL a l s o  conducted a  survey o f  t h e  l a b o r a t o r i e s '  est imates o f  
minimum detec tab le  amount (MDA) and propagated e r r o r .  Round Two t e s t i n g  
invo lved a  l a r g e r  number o f  l a b o r a t o r i e s  and a d d i t i o n a l  t e s t  rad ionuc l ides .  
LABORATORY PART I C I PAT I ON 
I n v i t a t i o n s  t o  p a r t i c i p a t e  i n  both rounds o f  t e s t i n g  were mai led  t o  40 
bioassay l abo ra to r i es .  A response form was prov ided w i t h  each i n v i t a t i o n  and 
inc luded t h e  f o l l o w i n g  in fo rmat ion :  p a r t i c i p a t i o n  would be e n t i r e l y  volun-  
ta ry ;  a l l  costs p e r t a i n i n g  t o  the  measurement o f  samples would be borne by the  
p a r t i c i p a t i n g  labora tory ;  and c o n f i d e n t i a l i t y  o f  t he  l abo ra to ry  names, t h e i r  
categor ies o f  p a r t i c i p a t i o n ,  and r e s u l t s  o f  t e s t i n g  would be s t r i c t l y  main- 
ta ined  t o  a l l o w  u n i n h i b i t e d  p a r t i c i p a t i o n .  
O f  t he  40 l a b o r a t o r i e s  i n i t i a l l y  i n v i t e d  t o  p a r t i c i p a t e ,  25 (62%) 
re turned response forms. Four l a b o r a t o r i e s  had no i n t e r e s t  i n  p a r t i c i p a t i n g .  
Twenty-one l a b o r a t o r i e s  i n d i c a t e d  a  des i re  t o  be inc luded i n  bo th  rounds o f  
t e s t i n g .  Subsequent t o  the  i n i t i a l  i n v i t a t i o n ,  24 a d d i t i o n a l  l a b o r a t o r i e s  
requested t o  p a r t i c i p a t e  and were included. As a  r e s u l t  of t h i s  s e l e c t i o n  
process, t he  p a r t i c i p a t i n g  l a b o r a t o r i e s  may n o t  c o n s t i t u t e  a  representa t ive  
sample o f  a11 bioassay se rv i ce  l a b o r a t o r i e s  because o n l y  those . l abo ra to r i es  
most concerned w i t h  q u a l i t y  assurance and a n a l y t i c a l  performance may have 
vo l  unteered. 
ROUND ONE PILOT STUDY 
F ive  measurement ca tegor ies  were o f f e r e d  f o r  Round One t e s t i n g :  
3  l i q u i d  s c i n t i l l a t i o n  count ing  f o r  H 
alpha spectrometry f o r  mixed 2 4 1 ~ m  + 2 3 8 ~ u  
beta measurements f o r  
mass determinat ion  f o r  n a t u r a l  uranium 
gamma spectrometry f o r  1 3 7 ~ s .  
The rad ionuc l i des  f o r  these ca tegor ies  were se lec ted  from the  l i s t  o f  r a d i o-  
nuc l i des  i n  t h e  d r a f t  standard. The s e l e c t i o n  o f  t e s t  rad ionuc l i des  was 
based on cons idera t ions  regarding t h e i r  r e l a t i v e  importance f o r  i n t e r n a l  dos i-  
metry, frequency o f  need f o r  bioassay serv ices,  and the  judgment o f  p r o j e c t  
s t a f f  members. I d e a l l y ,  a  l a b o r a t o r y  would have t h e  oppor tun i t y  t o  be t e s t e d  
w i t h  each rad ionuc l i de  o f  a  p a r t i c u l a r  category. I n  general,  responding b i o-  
assay l a b o r a t o r i e s  were most i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  a l l  ca tegor ies  .in 
which they normal l y  process samples. 
The f i r s t - r o u n d  intercompar ison study was l i m i t e d  t o  9, f rom a  t o t a l  
o f  17, p a r t i c i p a t i n g  l a b o r a t o r i e s  per  category. P a r t i c i p a n t s  were matched t o  
ca tegor ies  o f  i n t e r e s t ,  and telephone c a l l s  were then made t o  con f i rm  p a r t i c i -  
p a t i o n  and t o  i n d i c a t e  the  schedule f o r  sh ipp ing  samples. Because o f  t h e  
l a r g e  number o f  w i l l i n g  p a r t i c i p a n t s ,  t he  p a r t i c i p a t i o n  o f  each bioassay 
l a b o r a t o r y  was l i m i t e d  t o  a  maximum of f o u r  t e s t  categor ies.  Round One 
inc luded 17 p a r t i c i p a t i n g  l a b o r a t o r i e s :  5  i n  one category, 5 i n  two cate-  
gor ies,  5 i n  t h r e e  categor ies,  and 2 i n  f o u r  categor ies.  
ROUND TWO TESTING 
The f o l l o w i n g  measurement ca tegor ies  were inc luded i n  the  second round 
o f  i n  v i t r o  t e s t i n g :  
l i q u i d  s c i n t i l l a t i o n  count ing  f o r  3~ 
a lpha spectrometry f o r  mixed 2 4 1 ~ m  + 2 3 8 ~ u  
beta measurement f o r  mixed 8 9 ~ r  + 9 0 ~ r  
mass determinat ion  f o r  na tu ra l  uranium 
gamma spectrometry f o r  mixed 6 0 ~ o  + 1 3 7 ~ s .  
Values f o r  r e l a t i v e  b ias ,  r e l a t i v e  p rec i s ion ,  and MDA were c a l c u l a t e d  f o r  
a  t o t a l  o f  35 l a b o r a t o r i e s  i n  Round Two t e s t i n g .  Round Two r e s u l t e d  i n  
14 l abs  be ing  evaluated i n  o n l y  one category, 9 i n  two categor ies,  8  i n  t h r e e  
categor ies,  1 i n  f o u r  categor ies,  and 3  i n  f i v e  categor ies.  Not a l l  o f  these 
l a b s  re tu rned  data f o r  bo th  t e s t  nuc l i des  i n  a  category, and some l a b o r a t o r -  
i e s  re tu rned  inadequate data f o r  c a l c u l a t i n g  values f o r  a1 1  c r i t e r i a .  
SURVEY OF MINIMUM DETECTABLE AMOUNT AND ESTIMATED ANALYTICAL ERROR 
The MDA i s  an i n d i c a t o r  o f  t h e  de tec t i on  c a p a b i l i t y  o f  a  l a b o r a t o r y ' s  
a n a l y t i c a l  method. A survey o f  p a r t i c i p a t i n g  i n  v i t r o  l a b o r a t o r i e s  was taken 
before  the  t e s t  samples were prepared f o r  Round One (a  sample l e t t e r  i s  shown 
i n  Appendix A). The l a b o r a t o r i e s  were asked t o  p rov ide  an est imate o f  t h e i r  
MDA us ing  the  formula recommended by t h e  d r a f t  standard and us ing  est imated 
parameters ( o r  average h i s t o r i c a l  parameters, i f  a v a i l a b l e )  . The survey o f  
p a r t i c i p a t i n g  l a b o r a t o r i e s  a l s o  i nc luded  a  request  f o r  an es t imate  o f  propa- 
gated e r r o r s  a t  var ious  a n a l y t i c a l  l e v e l s .  The a n a l y t i c a l  l e v e l s  chosen were 
m u l t i p l e s  o f  t he  AMDA l e v e l s  s e t  f o r t h  i n  t he  d r a f t  standard f o r  each nuc l ide .  
PREPARATION OF IN  VITRO TEST SAMPLES 
Under an in teragency agreement between the  Nat iona l  Bureau o f  Standards 
(NBS) o f  t h e  U.S. Department o f  Commerce and the  NRC, NBS prepared and pro-  
v ided ca l i b ra ted ,  s tandardized r a d i o a c t i v e  stock s o l u t i o n s  f o r  t h i s  p r o j e c t .  
The rad ionuc l ides  l i s t e d  i n  Table 1 were obta ined f rom NBS i n  heat- sealed 
g lass ampules. 
TABLE 1. Chemical Form(s) o f  Radionucl ides Suppl ied by the  
Nat iona l  Bureau o f  Standards 
Nucl i de 
3~ 
2 3 8 ~ u  







T r i  t i a t e d  water  
Plutonium n i t r a t e  i n  5 M n i t r i c  a c i d  
Americium n i t r a t e  i n  1 M n i t r i c  a c i d  
St ron t ium c h l o r i d e  i n  1 M hyd roch lo r i c  a c i d  
St ron t ium c h l o r i d e  i n  1 M hyd roch lo r i c  a c i d  
Uranium n i t r a t e  i n  1 M n i t r i c  a c i d  
Cobal t  c h l o r i d e  i n  2 M hyd roch lo r i c  a c i d  
Cesium c h l o r i d e  i n  1 M hyd roch lo r i c  a c i d  
Table 2 shows the  measurement t e s t i n g  ca tegor ies ,  rad ionuc l ides ,  and 
t e s t i n g  l e v e l s  chosen f o r  bo th  rounds of t e s t i n g .  The t e s t i n g  l e v e l s  shown i n  
Table 2 f o r  Round One correspond t o  t h e  t e s t i n g  ranges recommended i n  t h e  
June 1983 d r a f t  standard. For  Round Two, t h e  January 1984 d r a f t  s tandard was 
used. C e r t i f i c a t i o n  and documentation accompanied each r a d i o n u c l i d e  prepara-  
t i o n  supp l i ed  by NBS. I n  a d d i t i o n ,  NBS radiochemists  v i s i t e d  PNL, reviewed 
and aud i ted  proposed procedures f o r  d i l u t i n g  the  rad ionuc l i des  i n t o  a r t i -  
f i c i a l  u r i n e  t e s t  samples, and prov ided recommendations f o r  improved accuracy 
i n  t h e  p repa ra t i on  o f  t e s t  samples. T h e i r  recommendations were i nco rpo ra ted  
i n t o  t h e  procedures (see Appendix B) . Th is  d i r e c t  and f requen t  c o l l a b o r a t i o n  
between PNL and NBS r e s u l t e d  i n  an increased l e v e l  o f  conf idence i n  t h e  
accuracy o f  rad ionuc l  i d e  l e v e l s  i n  samples prepared f o r  t h e  in tercompar ison 
t e s t i n g .  
Tes t  samples cons i s ted  o f  an a r t i f i c i a l  u r i n e  m a t r i x  sp iked w i t h  p re-  
c i s e l y  c o n t r o l l e d  amounts o f  rad ionuc l  ide .  A r t i f i c i a l  u r i n e  was se lec ted  over  
n a t u r a l  human u r i n e  because i t  i s  e a s i l y  manufactured i n  t h e  l a b o r a t o r y  f rom 
commercial ly a v a i l a b l e  chemicals and can be mixed i n  any amount. A r t i f i c i a l  
u r i n e  i s  chemica l l y  s tab le ,  has a l o n g  s h e l f - l i f e ,  and r e q u i r e s  no pre-  
serva t ion .  I n  con t ras t ,  n a t u r a l  human u r i n e  i s  chemica l l y  and b i o l o g i c a l l y  
a c t i v e  and, t he re fo re ,  decomposes r a p i d l y  w i t h  t ime unless s t a b i l i z e d .  
Because a r t i f i c i a l  u r i n e  can be r e a d i l y  prepared as needed, i t s  c o s t  i s  
TABLE 2. In V i t r o  Tes t i ng  Categories, Radionucl ides, and Tes t i ng  Levels  
T e s t i n g  Category Nucl i d e  Round One Round Two U n i t s  
L i q u i d  S c i n t i l l a t i o n  H 0,0.03,0.30, 0,0.01, 0.15, pCi/L 
3.54 1.5 
A1 pha Spectrometry 2 3 8 ~ u  0, 0.11, 0.93 0, 0.18, 0.72 pCi/L 
2 4 1 ~ m  0 ,0 .09 ,0 .91  0,0.19,0.75 pCi/L 
Beta Measurements 8 9 ~  r --- 0, 36.9, 108 pCi /L 
'Osr 0, 16.9, 185 0, 45.7, 124 pCi /L 
Mass Determinat ion na tU 0, 7.2, 78 0, 0.21, 1.1 ug/L 
Gamma Spectrometry 6 0 ~ o  --- 0, 16.7, 52.1 nCi /L 
1 3 7 ~ s  0, 1.5, 13.8 0, .25, 1.2 nCi /L 
considerably l e s s  than the  cos t  o f  o b t a i n i n g  and s t o r i n g  na tu ra l  u r ine .  I n  
add i t i on ,  n a t u r a l  u r i n e  may be h i g h l y  v a r i a b l e  i n  composit ion from one donor 
t o  another,  whereas a r t i f i c i a l  u r i n e  i s  more un i fo rm i n  composit ion. F i n a l l y ,  
t he  background r a d i o a c t i v i t y  o f  a r t i f i c i a l  u r i n e  i s  more e a s i l y  c o n t r o l l e d  
than t h a t  o f  na tu ra l  u r ine .  For t e s t i n g  purposes, a r t i f i c i a l  u r i n e  was the  
m a t r i x  o f  choice. 
The rec ipe  adopted f o r  a r t i f i c i a l  u r i n e  (see Table 3)  was a  composite 
from several sources (Free and Free 1978; Attman and D i t tmer  1968; Long 1961; 
Doresmus, Terch, and S i l v i s  1978; Kelsay, Behal l ,  and Pra ther  1979; Burns and 
Fin layson 1980; Lentner 1981)  and inc luded major u r i n e  components i n  physio-  
l o g i c a l  q u a n t i t i e s .  
The a r t i f i c i a l  u r i n e  was prepared i n  50-L batches according t o  the rec ipe  
g iven i n  Table 3. Each concent ra t ion  o f  rad ionuc l i de  was prepared as fo l l ows :  
a r t i f i c i a l  u r i n e  was placed i n  a  50-L polyethy lene carboy con ta in ing  a  6- by 
, l - i n .  magnetic s t i r r i n g  bar.  The carboy con ta in ing  u r i n e  was placed on a  
magnetic s t i r r e r  and s t i r r e d  thoroughly. The c o r r e c t  volume o f  sp ike  was then 
added. The spiked u r i n e  was s t i r r e d  f o r  30 minutes, and appropr ia te  volumes 
TABLE 3. A r t i f i c i a l  Ur ine Recipe 
Componen t S/ kg Component 
Urea 16.0 Anhydrous Sodium Dihydrogen 
Sodium Chlor ide  2.32 Phosphate 
Potassium Chlor ide  3.43 Anhydrous Calcium Chlor ide  
Crea t i n ine  1.10 Oxa l i c  Ac id  
Anhydrous Sodium S u l f a t e  4.31 L a c t i c  Ac id  
H ippur ic  a c i d  0.63 Gl ucose 
Ammonium Ch lo r i de  1.06 Ar~hydrous Sodium S i l i c a t e  (a )  
C i t r i c  a c i d  0.54 Pepsin 
Anhydrous Magnesium S u l f a t e  0.46 Conc. N i t r i c  Ac id  (70%) (b)  
Ye1 1  ow Food Co lo r i ng  
(a)  7  mg S i / kg  u r i ne .  
(b)  Added t o  ensure spiked rad ionuc l ides  remained i n  i o n i c  form. 
( u s u a l l y  1.4-L) were dispensed i n t o  prewei ghed and p re labe l  ed (usual  l y  2-L) 
p l a s t i c  b o t t l e s .  The b o t t l e s  were then reweighed. B o t t l e s  were randomly 
d i v i d e d  i n t o  l o t s  o f  t h ree  each by drawing numbered tokens from a conta iner .  
For each t e s t  category except t h a t  o f  l i q u i d  s c i n t i l l a t i o n ,  each p a r t i c i -  
p a t i n g  l a b o r a t o r y  rece ived n ine  1.4-L samples. Three o f  these samples were 
c o n t r o l  u r i n e  samples t h a t  had n o t  been spiked w i t h  r a d i o a c t i v e  ma te r ia l s ;  
t h ree  were spiked a t  t he  lower t e s t i n g  l e v e l  shown i n  Table 2; and th ree  were 
spiked a t  t he  h ighe r  t e s t i n g  l e v e l .  
For l i q u i d  s c i n t i l l a t i o n  count ing,  t r i t i u m  ($1 samples were supp l ihd  i n  
100- t o  150-mL volumes. Nine samples were prepared as above, and th ree  addi-  
t i o n a l  samples were sent w i t h  t r i t i u m  l e v e l s  a t  t h e  middle spiked t e s t i n g  
l e v e l  i n d i c a t e d  i n  Table 2. The th ree  e x t r a  samples were prepared a n t i c i p a t -  
i n g  t h a t  t h e  t e s t i n g . r a n g e  f o r  t r i t i u m  might  be lowered by the  group prepar ing  
the  standard, and t h a t  r e s u l t s  f o r  t h i s  range would prov ide  impor tan t  data. 
Complete step-by-step sample p repa ra t i on  procedures a re  prov ided i n  
Appendix B o f  t h i s  repo r t .  The s u i t a b i l i t y  o f  a r t i f i c i a l  u r i n e  was t e s t e d  by 
para1 l e l  analyses o f  e q u a l l y  sp iked a r t i f i c i a l  and n a t u r a l  u r i n e  samples. The 
conclus ions a re  descr ibed i n  t h e  " r e s u l t s "  sec t i on  o f  t h i s  repo r t .  
ARTIFICIAL URINE SAMPLE IDENTIFICATION AND SHIPMENT TO PARTICIPATING 
LABORATORIES 
The f i l l e d  b o t t l e s  were l abe led  as shown i n  F igure  1. An i d e n t i f i c a t i o n  
code o f  t h e  form A-2Sr9-0021-7631-32 was used where: 
A = l a b o r a t o r y  i d e n t i f i c a t i o n  code 
2 = round number, 1 o r  2 
~ r 9  = 89~ r ,  S r O  = ' O S ~ ,  C S ~  = 137~s ,  etc .  
0021 = sample number f rom 0001 t o  9999 
7631 = PNL l a b o r a t o r y  book i d e n t i f i c a t i o n  number 
32 = PNL l a b o r a t o r y  book page number 
I 
RADIOACTIVE 
Sample A-2Sr9-0021-7631-32 7/8/82 
P a c i f i c  Northwest Laboratory 
3746A/300 Area ( < l o 0  pCi/L) 
Richland, WA 99352 
509-375-2065, AL 
FIGURE 1. Sample Label f o r  A r t i f i c i a l  Ur ine Sample B o t t l e s  
Each b o t t l e  was l abe led  w i t h  PNL's address, date o f  t he  spike, the  t e l e -  
phone nuniber o f  a  cognizant  PNL s t a f f  member, and the  word "RADIOACTIVE" (see 
F igure  1). The cap o f  each sample b o t t l e  was sealed w i t h  v i n y l  tape, t h e  
b o t t l e  was packed i n  a  nes t  o f  absorbent ma te r i a l ,  and then th ree  b o t t l e s  were 
packed i n  each box. 
ShiDDina reau la t i ons  d i d  n o t  r e a u i r e  anv ex te rna l  r a d i a t i o n  l a b e l i n a  o f  - .  . . -d . .  ~- . . - .  - . - , . . . . - - - . . - . . . . . . . . . - . . . - . - . . . . .- - . . . . ., - -  
t he  box. The a c t i v i t y  l e v e l s  q u a l i f i e d  under a  " l i m i t e d  q u a n t i t y "  designa- 
t i o n ,  and the  packing and l a b e l i n g  complied w i t h  fede ra l  regu la t i ons  f o r  
packaging and sh ipp ing  nonrad ioac t ive  ma te r ia l s .  A l l  samples were shipped by 
sur face c a r r i e r .  
Each p a r t i c i p a n t  rece ived a  l e t t e r  under separate cover adv i s ing  o f  the  
for thcoming samples. I n  add i t i on ,  several enclosures accompanied the  package 
when i t  was sent  t o  t he  p a r t i c i p a t i n g  l abo ra to ry ,  i nc lud ing :  
general i n s t r u c t i o n s  and explanat ions 
qua1 i ty  assurance guide1 ines  
an I n  V i t r o  Measurements Report Form. 
The general i n s t r u c t i o n s  conta ined procedures f o r  l o g g i n g  i n  samples and 
conf i rming t h e i r  r e c e i p t ,  a  request  f o r  a n a l y t i c a l  procedures used, and a  
deadl ine f o r  r e p o r t i n g  data. A  sample o f  the  i n s t r u c t i o n s  t o  p a r t i c i p a t i n g  
l a b o r a t o r i e s  i s  i nc luded  i n  Appendix C o f  t h i s  repo r t .  A copy of the  
I n  V i t r o  Measurements Report Form i s  inc luded i n  Appendix D. 
QUALITY ASSURANCE PLAN 
Th is  research p r o j e c t  conformed w i t h  PNL-MA-65 ( ~ u ~ u a ~  1978) and w i t h  the  
d r a f t  ANSI Standard N13.30, "Performance C r i t e r i a  f o r  Radiobioassay." As t h e  
t e s t i n g  l abo ra to ry ,  PNL was bound by t h e  same QA requirements as t h e  p a r t i c i -  
p a t i n g  l abo ra to r i es .  
A t  PNL, a l l  equipment and l a b o r a t o r y  procedures o r  eva lua t ions  were docu- 
mented i n  l a b o r a t o r y  notebooks and records books. Standard re ference mater-  
i a l s  were obta ined from NBS and were used f o r  a l l  spikes. 
Oual i t v  Assurance For P a r t i c i  ~ a t i n a  Labora tor ies  
P a r t i c i p a t i n g  l a b o r a t o r i e s  were guided by QA i n s t r u c t i o n s  presented i n  
Sect ion 5 o f  t h e  d r a f t  standard. P a c i f i c  Northwest Laboratory s p e c i f i c a l l y  
addressed Sect ion 5.1.1 (Par ts  B, D, E, and F) i n  our I n s t r u c t i o n s  t o  Labora- 
t o r i e s  (Appendix C) and i n  the  I n  V i t r o  Measurements Report Form (Appendix D).  
Th i  rd- Par ty  Crosscheck o f  Samples 
Sample p repa ra t i on  i nvo l ved  m ix ing  l a r g e  batches o f  a r t i f i c i a l  u r i n e  w i t h  
small volumes o f  rad ionuc l ide .  I t  was possib le,  there fore ,  f o r  problems o f  
absorpt ion,  incomplete mix ing,  p r e c i p i t a t i o n ,  and cross- contaminat ion t o  
occur, which cou ld  have r e s u l t e d  i n  t e s t  samples n o t  r e c e i v i n g  t h e  s p e c i f i e d  
rad ionuc l i de  amounts. Although the  sample prepara t ion  procedures were 
designed t o  prevent  these occurrences, some form o f  crosscheck on t h e  f i n a l  
s o l u t i o n  was des i rab le .  Therefore, an a l i q u a n t ( a )  was taken from each batch 
and submit ted t o  a t h i r d - p a r t y  a n a l y t i c a l  l a b o r a t o r y  f o r  crosscheck analy-  
s i s .  (b )  The t h i r d - p a r t y  l a b o r a t o r y  was requ i red  t o  be i m p l i c i t l y  t raceab le  
t o  NBS. Specia l  hand l ing  and nonrout ine analyses were a l s o  requested o f  t h e  
t h i r d - p a r t y  l a b o r a t o r y  t o  ensure accurate measurements. 
(a)  An " a l i quan t "  i s  a p a r t  o f  t h e  whole t h a t  d i v ides  i t  and leaves a 
remainder. Th is  i s  n o t  t o  be confused w i t h  " a l i quo t . "  An " a l i q u o t "  i s  
a p a r t  o f  t he  whole t h a t  d i v ides  i t  and leaves no remainder, i.e., i s  
conta ined an exact  number o f  t imes i n  t h a t  which i s  be ing  d iv ided.  
(b )  Performed by TMA/Norcal , Richmond, Cal i f o r n i a .  
RESULTS 
The f o l l o w i n g  sec t i on  describes l abo ra to ry  r e s u l t s  from Round One and 
Round Two t e s t i n g .  Resul ts  o f  t h e  comparison between na tu ra l  and a r t i f i c i a l  
u r i n e  are  then evaluated. F i n a l l y ,  t he  t h i r d - p a r t y  crosscheck ana lys i s  
r e s u l t s  a re  descr ibed and compared w i t h  rad ionuc l i de  concentrat ions.  
LABORATORY PERFORMANCE 
Table 4 summarizes t h e  percentages o f  l a b o r a t o r i e s  r e p o r t i n g  measurement 
r e s u l t s .  For Round One, 356 measurement r e s u l t s  were rece ived from 17 i n  
v i t r o  l abo ra to r i es .  An a d d i t i o n a l  157 samples were sent out, f o r  which no 
r e s u l t s  were received. Nonreport ing l a b o r a t o r i e s  were contacted a t  l e a s t  
tw i ce  regarding the  need f o r  measurement r e s u l t s .  I n  Round Two, 1038 r e s u l t s  
( o f  a poss ib le  1680) were rece ived from 35 l a b o r a t o r i e s .  
The data received f rom the  p a r t i c i p a t i n g  i n  v i t r o  bioassay l a b o r a t o r i e s  
inc luded background count r a t e s  and count ing  t imes. The repor ted  t e s t  data 
were tabu la ted  and t r e a t e d  by t h e  s t a t i s t i c a l  methods described i n  the  d r a f t  
standard and i n  Appendix F. 
The measurement r e s u l t s  f o r  each t e s t  category and l abo ra to ry  a re  pre-  
sented i n  Appendix G. Appendix G a l s o  inc ludes t h e  t r u e  a c t i v i t y  concentra- 
t i o n  (nuc l i de  added t o  the  a r t i f i c i a l  u r i ne ) ,  t he  c a l c u l a t e d  b i a s  and pre-  
c i s i o n  est imators,  t he  l a b o r a t o r y  MDA, and an i n d i c a t i o n  o f  the  l a b o r a t o r y ' s  
TABLE 4. Percentage o f  P a r t i c i p a t i n g  Labora tor ies  
t h a t  Reported Tes t  Resul ts  
Responding 
Nucl i d e  Test  Category Laborator ies,  % 
3~ L i q u i d  s c i n t i l l a t i o n  89 
2 3 8 ~ u  A1 pha spectrometry 56 
2 4 1 ~ m  A1 pha spectrometry 5 6 
Beta count ing  56 
natU Mass determinat ion  7 8 
1 3 7 ~ s  Gamma spectrometry 8 9 
a b i l i t y  t o  meet the performance c r i t e r i a  of the draf t  standard. The accep- 
tance values were: 
MDA 5 AMDA 
-0.25 s B 5 0.50 r 
SA and SB s 0.40. 
Relative bias (0,) i s  a measure of the laboratory's average reported 
deviation from the "true" value or  ac t iv i ty  fo r  a nuclide category, and SA 
and SB measure the reproducibility of an analysis. The re la t ive  precision 
estimator, SA, measures var iab i l i ty  around the average value of an analysis,  
while SB measures var iab i l i ty  around the "true" value or  ac t iv i ty .  In an 
ongoing tes t ing  program, fa i lure  to  meet any one of the above c r i t e r i a  fo r  a 
radionuclide in a t e s t  category would resu l t  i n  fa i lure  fo r  the en t i r e  t e s t  
category. For t h i s  report ,  each radionuclide and concentration group was 
evaluated separately against the c r i t e r i a ,  b u t  only concentrations greater 
than 10 times the AMDA were used to  determine whether the laboratory passed 
the standard c r i t e r i a  f o r  a nuclide. For example, 2 4 1 ~ m  and 2 3 8 ~ u  were both 
i n  the t e s t  category "alpha spectrometry." A laboratory tha t  fa i led  t o  
analyze the low-level 238~u-spi ked sample d i d  not automatically f a i l  the 
high-level 238~u-spiked sample or the 2 4 1 ~ m  samples. I f  a high-level spiked 
sample fa i led ,  the laboratory fa i led  the nuclide category regardless of the 
1 ow-1 eve1 resul ts .  
Table 5 provides a summary of laboratories that  received samples i n  each 
t e s t  category and shows analytical performance measured against the c r i t e r i a  
of the draf t  standard. Table 6 shows the percentage of in v i t ro  measurements 
tha t  d i d  not meet the performance c r i t e r i a  and the reasons fo r  f a i lu re .  
Again, each radionuclide was treated separately, as was each concentration 
level.  For example, i f  f ive  laboratories were each sent three rep1 ica te  
samples, 5 data points would resul t .  I f  they were each sent two concen- 
t ra t ions  ( three samples/concentration) of n a t ~ ,  10 data points would result- -  
each consisting of the laboratory average of the three replicates.  These 10 
data points would be compared to  the three d ra f t  standard c r i t e r i a  and then 
scored. I f  two laboratories provided resul ts  fo r  a nuclide and concentration 
tha t  resulted i n  f a i lu re  of one or more of the performance c r i t e r i a ,  t h i s  
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Code Two One --
N R ( ~ )  
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( a )  NR = Results not returned 
( b )  F = F a i l  
( c )  P = Pass 
( d )  I/D = Inadequate Data t o  c a l c u l a t e  a1 1 c r i t e r i a  
TABLE 5. (contd) 
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( a )  NR = Resul ts  not  returned 
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would r e s u l t  i n  a  40% f a i l u r e  r a t e  f o r  t h a t  n u c l i d e  and concentrat ion.  The 
data i n d i c a t e  t h a t  t he  f a i l u r e  r a t e  v a r i e d  markedly from nuc l i de  t o  nuc l i de  
and was q u i t e  h igh  f o r  several o f  t he  nucl ides.  P a r t i c u l a r  d i f f i c u l t y  was 
noted i n  meeting d r a f t  standard c r i t e r i a  f o r  8 9 ~ r  and 241~m.  
I n  Figures 2  through 9, r e l a t i v e  b ias  (Br) versus r e l a t i v e  p r e c i s i o n  
(SA and SB) were p l o t t e d  by n u c l i d e  f o r  each p a r t i c i p a n t .  Since the  d r a f t  
standard s p e c i f i e s  t h a t  Br, S A s  and SB need t o  be met o n l y  a t  t e s t i n g  con- 
cen t ra t i ons  g rea te r  than 10 times the  AMDA, o n l y  t he  r e s u l t s  a t  those concen- 
t r a t i o n s  were p lo t ted .  I f  t h e  average b i a s  i s  negat ive, SA w i l l  be l a r g e r  
than SB. I f  the  b i a s i s  p o s i t i v e ,  the  opposi te w i l l  be t rue .  I f  t h e  b ias  i s  
zero, SA and SB w i l l  be equal. For  a l l  categor ies,  Br was much more l i m i t i n g  
than e i t h e r  SA o r  SB. 
I n  p rac t i ce ,  the ca l cu la ted  values o f  SA and SB were s i m i l a r .  For  a l l  
n u c l i d e  ca tegor ies  except 89~r ,  t h e  upper bound o f  t he  1-0 conf idence i n t e r -  
va l s  f o r  t he  ca l cu la ted  values o f  SA and SB v a r i e d  by 20% o r  less .  For the  
8 9 ~ r  category (see F igure  3) ,  which had a  smal l  popu la t i on  s i z e  o f  s i x  (and 
one data p o i n t  w i t h  a  l a r g e  ca l cu la ted  r e l a t i v e  b i a s  and p rec i s ion ) ,  t he  
upper bound o f  the  SA i n t e r v a l  (1.1) was tw ice  t h a t  o f  t he  SB i n t e r v a l  (0.5). 
I n  o n l y  one data p o i n t  ( t h e  8 9 ~ r  category) d i d  a  l abo ra to ry  f a i l  a  r e l a t i v e  
p r e c i s i o n  s t a t i s t i c  (SA) w i thou t  a l s o  f a i l i n g  Br. For t h ree  nuc l ides  ( J ~ ,  
2 3 8 ~ u ,  and n a t ~ ) ,  t he  1-0 conf idence i n t e r v a l s  f o r  t he  values o f  Br, S A Y  and 
SB were completely w i t h i n  the  acceptance regions s p e c i f i e d  by the  d r a f t  
standard (see Figures 2, 5, and 7) .  For 90~r ,  241~m, 6 0 ~ o ,  and 13'cs, t he  
conf idence i n t e r v a l s  f o r  r e l a t i v e  p r e c i s i o n  r e s u l t s  were w e l l  w i t h i n  the  
acceptable range, bu t  t he  Br i n t e r v a l  extended beyond i t  (see Figures 4, 6, 
8, and 9).  For a l l  these nuc l i de  categor ies,  t h e  mean values f o r  Br, SA, and 
SB were w i t h i n  t h e  acceptance region. 
8 9  For t h e  remaining n u c l i d e  category ( Sr) ,  the  mean r e l a t i v e  b ias  (-0.36) 
was outs ide  t h e  acceptance region, b u t  approximately one- ha l f  t h e  mean nega- 
t i v e  b i a s  was a t t r i b u t e d  t o  one data p o i n t  (see F igure  3) .  If t h i s  data 
p o i n t  were excluded from t h e  sample, t h e  mean values f o r  a l l  t h ree  c r i t e r i a  
would be w i t h i n  t h e  acceptance region--although the  conf idence i n t e r v a l s  would 
s t i l l  be a t  l e a s t  50% g rea te r  than f o r  t h e  o the r  n u c l i d e  categor ies.  
, _ -  - ------ _ _- - - __ _ __ _- _-  
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FIGURE 5. 238~u R e l a t i v e  P rec i s ion  and R e l a t i v e  Bias 
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FIGURE 6. 241~m R e l a t i v e  P r e c i s i o n  and R e l a t i v e  B ias  
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FIGURE 9. 13'cs R e l a t i v e  P r e c i s i o n  and R e l a t i v e  Bias 
For F igure  10, each c a l c u l a t e d  MDA was normal ized by d i v i d i n g  by the  
appropr ia te  AMDA. Th is  technique s i m p l i f i e d  comparisons among the  ca tegor ies  
6  where AMDAs vary  by up t o  a  f a c t o r  of 10 . P l o t t e d  values g r e a t e r  than 1.0 
represented a  f a i l u r e  o f  t he  MDA c r i t e r i o n .  A number of respondents d i d  n o t  
supply adequate data t o  c a l c u l a t e  an MDA. Miss ing  data inc luded gross counts 
on the  unspiked samples, count ing  t imes, e f f i c i ency  fac tors ,  and volume o f  the 
analyzed sub-sampl e. 
T r i t i u m  MDAs were a l l  l e s s  than t h e  AMDA (100 nCi /L) ,  and a l l  b u t  two 
were l e s s  than 10 nCi/L. For  90~ r ,  a11 except one laboratoryPMDA were below 
the  AMDA (10 pCi /L) .  The geometric means of MDAs f o r  n a t u r a l  uranium and 
1 3 7 ~ s  were l e s s  than t h e i r  AMDAs. Only 4  of t he  18 l a b o r a t o r i e s  (22%) t h a t  
repor ted  adequate data t o  c a l c u l a t e  an MDA f o r  n a t u r a l  uranium f a i l e d  t h i s  
c r i t e r i o n .  Likewise; 4  o f  12 l a b o r a t o r i e s  (33%) f a i l e d  the  AMDA f o r  137~s .  
The geometric means o f  MDAs f o r  89~ r ,  2 3 8 ~ u ,  241~m, and 6 0 ~ o  were a l l  
g rea te r  than t h e i r  AMDAs b u t  l e s s  than tw ice  t h e i r  AMDA. AMDA f a i l u r e  f r a c -  
t i o n s  f o r  89~ r ,  2 3 8 ~ u ,  and 2 4 1 ~ m  were a l l  g rea te r  than 50%. The numbers were 
th ree  o f  f i v e  (60%) and f o u r  o f  s i x  (67%), respec t i ve l y .  Only th ree  o f  seven 
(43%) f a i l e d  the  6 0 ~ o  AMDA. 
Ca lcu la ted  MDAs f o r  l a b o r a t o r i e s  p a r t i c i p a t i n g  i n  both rounds o f  a  
n u c l i d e  category were compared t o  determine whether any t rends  (i.e., 
improvements i n  measurement c a p a b i l i t y )  cou ld  be i d e n t i f i e d .  Unfor tunate ly ,  
on l y  12 o f  38 l a b o r a t o r y  MDA c a l c u l a t i o n s  cou ld  be repeated as shown i n  
Table 7, and no d i s c e r n i b l e  t rends were i d e n t i f i e d .  A p a i r e d  t - t e s t  r e s u l t e d  
i n  a  value o f  -0.58 f o r  t h e  t - s t a t i s t i c  w i t h  11 degrees o f  freedom, which was 
n o t  s i g n i f i c a n t  a t  t h e  l e v e l  P = 0.1. The conclus ion was, there fore ,  t h a t  
p a r t i c i p a t i o n  i n  bo th  rounds d i d  n o t  r e s u l t  i n  a  s i g n i f i c a n t  change i n  
c a l c u l a t e d  MDA (see the  data presented i n  Table 8).  
F igures 11 through 18 show, by n u c l i d e  category and t e s t i n g  round, p i e -  
c h a r t  r e s u l t s  o f  i n  v i t r o  t e s t i n g  r e s u l t s .  As exp la ined f o r  Table 6, inade- 
quate data meant t h a t  t h e  p a r t i c i p a n t  d i d  n o t  supply complete data f o r  one o r  
more o f  t h e  c r i t e r i a  ( u s u a l l y  MDA) b u t  d i d  pass a l l  o the r  c r i t e r i a .  I f  inade- 
quate data had been supp l ied  t o  c a l c u l a t e  MDA and the  l a b o r a t o r y  a l s o  f a i l e d  
r9 the r e s u l t  counted as a  f a i l u r e  o f  Br. 
Nuclide I AMDA 
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4 - 0  • • • .o*-+ . t 100 nCi/L I .. I I 
.+-4 . OF $-dt-l 59 p c i / ~  + Round One I 
Round Two 1 I 
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I I IIIIII 1 I I l l l l l l  I I I l 1 I l l l  I I I l I l l l l  I I I ' l  l I l l  1 1 I l l l l L  
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FIGURE 10 Normal ized MDA Resu l t s  
TABLE 7. MDAs f o r  Labo ra to r i es  P a r t i c i p a t i n g  i n  Bo th  Rounds 
Nucl i de Labora to ry  Code Round One Round Two 
3~ J 5.81 7.51 
L .03 .31 
M 3.46 .72 
S .64 4.61 
v 1.12 4.59 
TABLE 8. Changes i n  Resu l ts  f o r  Labora to ry  P a r t i c i p a t i o n  i n  Both Rounds 
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Round One, n=8 Round Two, n=28 
FIGURE 11. 3~ Resu l ts  
Round One, n=5 Round Two, n=9 
FIGURE 12. 'OSY Resu l ts  
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FIGURE 13. 2 3 8 ~ ~  Resu l ts  
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FIGURE 14. 241~m Resu l ts  
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Round One, n=8 Round Two, n=19 
FIGURE 16. 13'cs Resul t s  
" ~ r  Round Two, n=6 
FIGURE 17. 8 9 ~ r  Resu l ts  
Failed Bias 
Inadequate  
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FIGURE 18. 6 0 ~ o  Resu l ts  
3 For both H and (see Figures 11 and 12), t he  f a i l i n g  f r a c t i o n  
decreased and the  passing f r a c t i o n  increased from Round One t o  Round Two, and 
more than 50% o f  t he  l a b o r a t o r i e s  passed i n  Round Two. I n  n e i t h e r  case d i d  a  
p a r t i c i p a n t  f a i l  the  AMDA c r i t e r i o n  i n  Round Two. 
For 2 3 8 ~ u  (see F igure  13), a l though o n l y  one l abo ra to ry  p a r t i c i p a t e d  i n  
bo th  rounds, t h e  pass f r a c t i o n  remained r e l a t i v e l y  constant  ( ~ 3 5 % ) .  The 
f r a c t i o n  f a i l i n g  the  AMDA c r i t e r i o n  i n  Round Two n e a r l y  equaled the  t o t a l  
f r a c t i o n  i n  Round One e i t h e r  f a i l i n g  AMDA o r  p rov id ing  inadequate data t o  
c a l c u l a t e  an MDA ( ~ 6 5 % ) .  
As seen i n  F igure 14, t h e  pass r a t e  f o r  2 4 1 ~ m  went from 1 o f  5  (20%) i n  
Round One t o  zero (0%) i n  Round Two. Again, on l y  1 labo ra to ry  p a r t i c i p a t e d  i n  
bo th  rounds. This  p a r t i c i p a n t  prov ided inadequate data f o r  c a l c u l a t i n g  an MDA 
f o r  Round One, and i t  f a i l e d  Br f o r  Round Two. Overa l l  , on ly  1 o f  10 1  abora- 
t o r i e s  passed t h i s  performance c r i t e r i o n .  
Resul ts  f o r  n a t u r a l  uranium a r e  summarized i n  F igure  15. S i x  o f  the  
seven p a r t i c i p a n t s  from Round One a l s o  p a r t i c i p a t e d  i n  Round Two. Nine addi-  
t i o n a l  p a r t i c i p a n t s  were added f o r  Round Two. A l l  b u t  one o f  t h e  repeat  
l a b o r a t o r i e s  obta ined the  same outcome f o r  both rounds, and the  f a i l u r e  r a t e  
f o r  a l l  p a r t i c i p a n t s  remained f a i r l y  constant  ( ~ 4 0 % ) .  
Seven o f  t h e  e i g h t  1 3 7 ~ s  Round One p a r t i c i p a n t s  a l s o  p a r t i c i p a t e d  i n  
Round Two (see Figure 16). Only th ree  o f  t he  seven remained i n  the  same 
category (i.e., pass, f a i l ,  o r  inadequate data).  The t r e n d  f o r  t he  repeat  
l a b o r a t o r i e s  was toward passing, b u t  t h e  o v e r a l l  f a i l u r e  r a t e  increased (13% 
t o  26%), and t h e  pass r a t e  decreased (50% t o  26%). 
Tes t ing  f o r  8 9 ~ r  (see F igure  17) and 6 0 ~ o  (see F igure  18) was done on l y  
i n  Round Two. Only 1 o f  6  (17%) p a r t i c i p a n t s  passed 8 9 ~ r  and the  o ther  
5  f a i l e d  var ious  combinations o f  t he  th ree  performance c r i t e r i a .  For 6 0 ~ o ,  
3  o f  19 (16%) passed and 5  o f  19 (26%) f a i l e d .  
Overal l ,  i t  appeared t h a t  p r i o r  p a r t i c i p a t i o n  i n  t e s t i n g  had l i t t l e  
a f f e c t  on a  l a b o r a t o r y ' s  a b i l i t y  t o  pass a l l  t he  standard c r i t e r i a .  
Laboratory performance dec l ined i n  more ca tegor ies  than those i n  which i t  
improved ( 4  versus 2).  Seventy percent  of '  t he  labs  mainta ined t h e i r  prev ious 
performance l e v e l s .  
NATURAL VERSUS ARTIFICIAL URINE COMPARISON 
To t e s t  t he  s u i t a b i l i t y  o f  t he  a r t i f i c i a l  u r i n e  ma t r i x ,  equal volumes o f  
a r t i f i c i a l  and n a t u r a l  u r i n e  were spiked w i t h  equal amounts o f  rad ionuc l ides .  
A r t i f i c i a l  u r i n e  was prepared as descr ibed i n  Appendix 0 ,  and n a t u r a l  u r i n e  
was c o l l e c t e d  f rom vo lun teers  n o t  occupa t i ona l l y  exposed t o  t h e  t e s t  nuc l ides .  
For each n u c l i d e  and m a t r i x  category, f o u r  r e p l i c a t e  samples w i t h  con- 
cen t ra t i ons  approximate ly  f i v e  t imes t h e  AMDA and f o u r  b lank samples were 
prepared. The nuc l i des  chosen were 90~ r ,  2 3 8 ~ u ,  and n a t u r a l  uranium. These 
nuc l i des  were thought  most l i k e l y  t o  show e f f e c t s  from the  ma t r i x .  The 
samples were sent  t o  an independent l a b o r a t o r y  o f  known c a p a b i l i t i e s  f o r  
ana lys is .  
Tables 9, 10, and 11 show r e s u l t s  o f  t he  analyses f o r  2 3 8 ~ u ,  90~r ,  and 
n a t u r a l  uranium, respec t i ve l y .  For  each ma t r i x ,  t he  mean b lank  r e s u l t  was 
subt rac ted  f rom t h e  repo r ted  value f o r  t h e  sample and the  r e s u l t  normal ized t o  
the  known amount. Normal iza t ion  a l lowed d i r e c t  comparison o f  t he  matr ices,  
which had s l i g h t l y  d i f f e r e n t  sp ike  amounts. Standard dev ia t i ons  c a l c u l a t e d  
from the  repo r ted  values were propagated t o  est imate t h e  e r r o r  o f  t he  mean 
normal i z e d  values. 
The normal ized mean r e s u l t s  were analyzed us ing  ana lys i s  o f  var iance 
(ANOVA) (see Table 12) .  From t h i s  procedure, the  hypothesis cou ld  n o t  be 
r e j e c t e d  t h a t  t he  a r t i f i c i a l  and n a t u r a l  u r i nes  were r e a c t i n g  i n  t h e  same 
manner d u r i n g  t h e  ana lys is .  However, s i g n i f i c a n t  d i f f e rences  among t h e  
nuc l i des  were found. For example, Table 9  shows t h a t  t h e  mean repo r ted  value 
f o r  t he  2 3 8 ~ u  ana lys i s  was approximate ly  90% o f  t he  known value, w h i l e  'Osr 
(see Table 10) and n a t u r a l  uranium (Table 11) were i n  t h e  60-701 range. 
Although determinat ion  o f  b i a s  was impor tan t  t o  the  o b j e c t i v e  o f  t h e  main 
p r o j e c t ,  t h e  appropriateness o f  t h e  a r t i f i c i a l  u r i n e  was evaluated us ing  o n l y  
t he  r a t i o  o f  t he  a r t i f i c i a l  u r i n e  t o  n a t u r a l  u r i n e  r e s u l t s .  Based on t h i s  
TABLE 9. A r t i f i c i a l  Versus Natura l  Ur ine  Comparison w i t h  2 3 8 ~ u  
Ra t i o  - 
Mean Net 
A c t i v i t y  
A c t i v i t y ,  pCi/L and ~ d d e d  
Sample No. M a t r i x  Added Reported Net A c t i v i t y  
1 Pu A r t i f i c i a l  0 
2 Pu A r t i f i c i a l  0 
3Pu A r t i f i c i a l  0 -0.0002 
4Pu A r t i f i c i a l  0 0.0007 
Mean 0.0005 
S.D. 0.0007 
5Pu A r t i f i c i a l  0.352 0.2899 0.2892 0.8216 
6Pu A r t i f i c i a l  0.352 0.3189 0.3182 0.9041 
7Pu A r t i f i c i a l  0.352 0.2890 0.2883 0.8190 
8Pu A r t i f i c i a l  0.352 0.3362 0.3355 0.9531 
Mean 0.3085 0.3078 0.8745 
S.D. 0.0231 0.0231 0.0702 
Natura l  0 
Natura l  0 
Natura l  0 






Natura l  0.335 0.2898 0.2891 0.8630 
Natura l  0.335 0.2933 0.2826 0.8734 
Natura l  0.335 0.3656 0.3649 1.0893 
Natura l  0.335 0.2997 0.2990 0.8925 
Mean 0.3121 0.3089 0.9296 
S.D. 0.0359 0.0359 0.1116 
TABLE 10. A r t i f i c i a l  Versus Na tu ra l  U r i ne  Comparison w i t h  
R a t i o  - 
Mean Net 
A c t i v i t y  
A c t i v i t y ,  pCi/L and Added 
Sample No. M a t r i x  Added Reported Net A c t i v i t y  
1Sr A r t i f i c i a l  0 1.3002 
2Sr A r t i f i c i a l  
3s r A r t i f i c i a l  
4s r A r t i f i c i a l  0 0.8134 
Mean 1.0726 
S.D. 0.4388 
5Sr A r t i f i c i a l  59.4 43.8608 42.7882 0.7203 
6Sr A r t i f i c i a l  59.4 40.3267 39.2541 0.6608 
7s r A r t i f i c i a l  59.4 32.7450 31.6724 0.5332 
8s r A r t i f i c i a l  59.4 34.2705 33.1979 0.5589 
Mean 37.8008 36.7282 0.6183 
S.D. 5.2003 5.2188 0.1117 
N a t u r a l  
N a t u r a l  
N a t u r a l  
N a t u r a l  
N a t u r a l  
N a t u r a l  
Na tu ra l  







56.5 45.1324 44.7158 0.7914 
56.5 38.3883 37.9717 0.6721 
56.5 55.8034 55.3868 0.9803 
56.5 38.1545 37.7379 0.6679 
Mean 44.3697 43.9531 0.7779 
S.D. 8.2808 8.2812 0.1662 
TABLE 11. A r t i f i c i a l  Versus Na tu ra l  U r i n e  Comparison w i t h  Na tu ra l  Uranium 
R a t i o  - 
Mean Net 
A c t i v i t y  
A c t i v i t y ,  pCi /L  and Added 
Sample No. M a t r i x  Added Reported Net A c t i v i t y  
17U A r t i f i c i a l  0 0.0596 
18U A r t i f i c i a l  0 0.0386 
19U A r t i f i c i a l  0 0.0379 
20U A r t i f i c i a l  0 0.0812 
Mean 0.0543 
S.D. 0.0206 
21U A r t i f i c i a l  24.2 17.8999 17.8456 0.7374 
22U A r t i f i c i a l  24.2 19.2676 19.2133 0.7939 
23U A r t i f i c i a l  24.2 15.7030 15.6487 0.6466 
24U A r t i f i c i a l  24.2 16.7282 16.6789 0.6890 
Mean 17.3997 17.3454 0.7168 
S.D. 1.5350 1.5351 0.0749 
Na tu ra l  0 
Na tu ra l  0 
Na tu ra l  0 
Na tu ra l  0 
Mean 0.1271 
S..D. 0.0571 
Na tu ra l  26.7 19.4747 19.2476 0.7246 
Na tu ra l  26.7 18.6455 18.5184 0.6936 
Na tu ra l  26.7 16.2126 16.0855 0.6025 
Na tu ra l  26.7 19.3315 19.2044 0.7193 
Mean 18.4161 18.2890 0.6850 
S.D. 1.5129 1.5140 0.0685 
TABLE 12. Analys is  o f  Variance o f  Ur ine  M a t r i x  Comparison 
Degrees o f  Mean 
Source Sum o f  Squares Freedom Squares F ( f  i xed)  Probab i l  i t y ( P )  
Mat r ices  0.0223 1 0.0223 2.5683 10%<P<25% 
Nucl i des  0.2187 2 0.1094 12.5773 O.l%<P<O.5% 
I n t e r a c t i o n s  0.0367 2 0.0184 2.1114 10%<P<25% 
Wi th in  C e l l s  0.1567 18 0.0087 
To ta l  s  0.4343 24 0.0189 
t e s t ,  the  a r t i f i c i a l  u r i n e  was accepted as a  s u i t a b l e  t e s t  m a t r i x  f o r  t h i s  
p r o j e c t  and f o r  f u t u r e  t e s t i n g  i n  compliance w i t h  d r a f t  A N S I  Standard N13.30. 
The d i f f e r e n c e  between the  a r t i f i c i a l  and na tu ra l  u r i nes  f o r  each n u c l i d e  
was a l s o  determined us ing  the  Student t - t e s t ,  assuming unequal and unknown 
variances (see Table 13) and us ing  an approximation f o r  t he  degrees o f  
TABLE 13. Ur ine  Mat r ices  Comparison T e s t i n g  
A r t i f i c i a l  Ur ine  238~u 'Osr natU 
Mean R a t i o  Net and 0.8745 0.6183 0.7167 
Added A c t i v i t y  
Variance o f  Mean 0.0043 0.0076 0.0040 
Rat io  
Deg. o f  Freedom 3 3 3 
Natura l  U r ine  
Mean R a t i o  Net and 0.9295 0.7779 0.6850 
Added A c t i v i t y  
Variance o f  Mean 0.0115 0.0215 0.0032 
Rat io  
Deg. o f  Freedom 3 3 3 
t Value 0.8771 1.8702 0.7461 
Approx. D. F. 5 5 .  6 
Sign i f i cance  Level ~40% ~10% ~40% 
freedom (N ie  e t  a l .  1975). The hypothesis t h a t  t he  normal ized r e s u l t s  a re  
i d e n t i c a l  f o r  t he  n a t u r a l  and a r t i f i c i a l  u r i n e  mat r ices  was accepted f o r  
2 3 8 ~ u  and f o r  n a t u r a l  uranium and was weakly r e j e c t e d  a t  t he  10% l e v e l  f o r  
''5,. Although r e s u l t s  f o r  were inconc lus ive ,  f u r t h e r  i n v e s t i g a t i o n  was 
warranted. 
TWO Round Two p a r t i c i p a n t s  repor ted  d i f f i c u l t y  w i t h  the  8 9 ~ r / 9 0 ~ r  
analyses. These p a r t i c i p a n t s  observed t h a t  s t ron t i um e x t r a c t i o n  from the  
a r t i f i c i a l  u r i n e  r e s u l t e d  i n  incomplete p u r i f i c a t i o n .  Impure samples gave 
recovery est imates t h a t  were b iased high, which i n  t u r n  r e s u l t e d  i n  a  nega- 
t i v e  measurement b ias.  The p o s s i b i l i t y  was considered t h a t  i m p u r i t i e s  occur 
because o f  the  r e l a t i v e l y  low pH o f  the samples. Concentrated n i t r i c  a c i d  
was added t o  the  a r t i f i c i a l  u r i n e  m a t r i x  t o  ensure t h a t  sp ike rad ionuc l ides  
would remain i n  i o n i c  form. Fo l lowing a  re- eva lua t ion  o f  t he  a r t i f i c i a l  
u r i n e  rec ipe,  t he  conclus ion drawn was t h a t  t he  a c i d  can be reduced from 
50 g/kg t o  10 g/kg w i thou t  r i s k i n g  p r e c i p i t a t i o n  o f  the  spike. Future t e s t  
samples w i l l  be prepared w i t h  o n l y  10 g/kg n i t r i c  a c i d  ma t r i x ,  and t h i s  
change should c o r r e c t  t he  p o t e n t i a l  s t ron t i um p u r i f i c a t i o n  problem. Also, 
e a r l y  t e s t s  o f  t he  a r t i f i c i a l  u r i n e  suggested t h a t  food c o l o r  might  cause a  
p r e c i p i t a t e .  Yellow food c o l o r i n g  was o r i g i n a l l y  added t o  i n d i c a t e  t h a t  the  
sample represented ur ine .  I f  sample c o l o r  i s  a  s i g n i f i c a n t  f a c t o r  i n  the  
procedure tested,  such as 1  i q u i d  s c i n t i l l a t i o n  count ing  w i thou t  d i s t i l  l a t i o n ,  
an appropr ia te  organ ic  co lo ran t  should i ns tead  be used. 
THIRD-PARTY CROSSCHECK ANALYSIS 
The r e s u l t s  o f  t h e  t h i r d - p a r t y  l abo ra to ry  analyses(a)  a re  shown i n  
Table 14 and a re  compared t o  t h e  des i red  rad ionuc l i de  concentrat ions.  I n  
general, t he  agreement was e x c e l l e n t  between measured uranium l e v e l s  and 
in tended l e v e l s  and i n d i c a t e d  t h a t  the  d i l u t i o n  scheme was fol lowed as 
planned. I n  add i t i on ,  se lected u r i n e  samples con ta in ing  uranium were measured 
a t  PNL us ing  l a s e r  phosphorimetry (Bushaw 1982). Again, t he  agreement between 
measured uranium l e v e l s  and in tended l e v e l s  was exce l l en t .  
(a )  Th i rd- pa r t y  analyses were performed by TMAINorcal , Richmond, Cal i f o r n i a .  
TABLE 14. Th i rd-Par ty  Crosscheck of  Spiked A r t i f i c i a l  U r i ne  Samples 
Round One Round Two 
- - - - - -  
Thi rd-Party PNL-Calcul a t  d  Thi rd-Party ~ ~ ~ - k a l c u l  a t  d  
Nucl ide Assay Resul ts * 10 ( a )  Resul ts 10 Pb) Assay Resul ts * 10 ( a )  Resul ts f 10 Pb) u n i t s  
(a)  Resul ts based on ana lys i s  o f  one sample and inc lude est imate o f  propagated and s t a t i s t i c a l  
e r rors .  
(b)  Two-step g rav ime t r i c  d i l u t i o n  o f  NBS c e r t i f i e d  standards. E r ro r  propagated by methods 
described i n  Appendix C. 
( c )  T r i t i u m  r e s u l t s  g iven t o  *2U. 
(d)  S i g n i f i c a n t l y  d i f f e r e n t  from PNL-calcul ated r e s u l t s  a t  t he  95% confidence l e v e l  b u t  not  
a t  t h e  99% confidence l e v e l .  
(e )  Measured a t  PNL by l a s e r  phosphorimetry. 
( f )  Delayed ana lys i s  resu l ted  i n  sample a c t i v i t y  below labora tory  MDA a t  t ime o f  ana lys is  due 
t o  decay. 
APPROPRIATENESS OF PERFORMANCE CRITERIA 
I n  e v a l u a t i n g  t h e  appropr ia teness  o f  t h e  performance c r i t e r i a  f o r  r a d i o -  
b ioassay i n  t h e  d r a f t  ANSI standard, i t  i s  impo r tan t  t o  cons ider  whether t h e  
s p e c i f i e d  va lues  o f  AMDA a r e  adequate and reasonable and whether t h e  l i m i t s  
t h a t  d e f i n e  t h e  acceptable b i a s  and p r e c i s i o n  o f  l a b o r a t o r y  measurements a r e  
a l s o  appropr ia te .  Resu l t s  o f  t h e  in te rcompar ison  t e s t i n g  program were used t o  
eva lua te  t h e  performance c r i t e r i a  s p e c i f i e d  i n  t h e  d r a f t  standard. 
MINIMUM DETECTABLE AMOUNT 
The minimum de tec tab le  amount (MDA) q u a n t i f i e s  t h e  d e t e c t i o n  c a p a b i l i t y  
o f  a  l a b o r a t o r y ' s  a n a l y t i c a l  method. The d r a f t  s tandard  p rov ides  acceptable 
minimum de tec tab le  amounts ( AMDAs) f o r  severa l  r ad ionuc l  ides .  These AMDAs 
represen t  a c t i v i t y  l e v e l s  t h a t  a r e  impo r tan t  f o r  r a d i o l o g i c a l  p r o t e c t i o n  
reasons and t h a t  a r e  no rma l l y  cons idered  ach ievab le  by b ioassay l a b o r a t o r i e s .  
Bioassay l a b o r a t o r i e s  should be a b l e  t o  d e t e c t  t h e  presence i n  samples o f  
r a d i o a c t i v e  m a t e r i a l  a t  o r  above t h e  AMDA. When a c t i v i t i e s  a r e  g r e a t e r  than  
10 t imes t h e  AMDA, t h e  l a b o r a t o r y  shou ld  ma in ta i n  t h e  r e l a t i v e  b i a s  o f  t h e i r  
r e s u l t s  w i t h i n  t h e  range o f  -25% t o  +50% and t h e  r e l a t i v e  p r e c i s i o n  t o  w i t h i n  
40%. 
Each b ioassay l a b o r a t o r y  shou ld  be a b l e  t o  demonstrate t h a t  i t s  own MDA 
i s  l e s s  than  o r  equal t o  t h e  AMDA. The b ioassay s e r v i c e  l a b o r a t o r y  can 
es t ima te  t h e  MDA u s i n g  t h e  f o l l o w i n g  equat ion  p rov ided  i n  t h e  d r a f t  standard: 
4:65 sb + 3 
MDA = a R V T  
where 4.65 = d e r i v e d  f a c t o r  t o  l i m i t  Type I and I 1  e r r o r s  t o  5% 
( C u r r i e  1968) 
b  = s tandard  d e v i a t i o n  o f  an a p p r o p r i a t e  b l ank  
a  = convers ion f a c t o r  f o r  a p p r o p r i a t e  u n i t s  ( t r a n s f o r m a t i o n s  
p e r  u n i t  t i m e  p e r  u n i t  a c t i v i t y )  
E  = coun t i ng  e f f i c i e n c y  (coun ts  p e r  t r ans fo rma t i on )  
R = chemical recovery 
V = sample volume 
T = count ing  t ime f o r  sample. 
This  equat ion u t i l i z e s  values f o r  sample recovery and count ing  e f f i c i e n c y  t h a t  
p e r t a i n  t o  the  measurement of sp iked samples. If these values vary  appreci-  
ably,  t he  lower bound o f  t he  95% conf idence i n t e r v a l  f o r  t he  denominator pro-  
duct  should be used. 
The MDA f o r  each bioassay l a b o r a t o r y  may be est imated i n  t h e  f o l l o w i n g  
way. A t e s t i n g  l a b o r a t o r y  uses the  a n a l y t i c a l  r e s u l t s  o f  t he  c o n t r o l  u r i n e  
t h a t  con ta in  no added nuc l ide .  These est imates con ta in  ac tua l  
values f o r  recovery and e f f i c i e n c y  t h a t  vary  as would those o f  an ac tua l  
sample. Th is  method i s  s i m i l a r  t o  t h e  lower de tec tab le  l i m i t  (LDL) as de f ined 
by C u r r i e  (1968). However, these est imates o f  MDA a re  determined f rom a small 
number o f  samples and thus may n o t  always be accurate. Both o f  t he  above 
methods can prov ide  a means f o r  checking t h e  s ta ted  MDA o f  a bioassay labora-  
to ry .  They can a l s o  be used t o  evaluate t h e  appropriateness o f  AMDA values i n  
t he  d r a f t  standard. These est imates a r e  no t ,  however, use fu l  f o r  t e s t i n g  and 
c e r t i f y i n g  t h e  bioassay l a b o r a t o r y ' s  a b i l i t y  t o  analyze samples a t  o r  near the  
AMDA t o  the  b i a s  and p r e c i s i o n  c r i t e r i a  s p e c i f i e d  i n  t he  d r a f t  standard. 
The MDAs c a l c u l a t e d  us ing  the  present  form o f  t he  MDA equat ion w i l l  be 
s i g n i f i c a n t l y  l a r g e r  than MDAs obta ined by t h e  methods o f  most l a b o r a t o r i e s .  
Th is  i s  t r u e  f o r  several  reasons. Present ly ,  most l a b o r a t o r i e s  consider  o n l y  
Type I e r r o r s  ( f a l s e  p o s i t i v e s )  i n  t h e i r  MDA c a l c u l a t i o n s .  Thus, us ing  4.65 
i ns tead  o f  3.0 standard dev ia t i ons  o f  t he  b lank  count increases the  c a l c u l a t e d  
MDA by 55%. Also, t h e  MDA i s  u s u a l l y  c a l c u l a t e d  w i t h  average values f o r  
e f f i c i e n c y ,  recovery, and o the r  f ac to rs .  Using the  lower bound o f  t he  95% 
conf idence i n t e r v a l  f o r  t h e  product  o f  these f a c t o r s  cou ld  increase the  calcu-  
l a t e d  MDA by another 50 t o  100%. The recommended a lgo r i t hm technique cou ld  
then r e s u l t  i n  an MDA t h a t  i s  t h ree  t imes what i s  p resen t l y  repo r ted  by a 
l a b o r a t o r y  as t h e i r  MDA. Th i s  should n o t  present  a problem i f  the  var ious  
aspects o f  t he  MDA formula are  considered when e s t a b l i s h i n g  the  AMDA values. 
(a )  Cont ro l  samples were n o t  i d e n t i f i e d .  
4 0 
Since t h e  geometr ic  means o f  MDA values f o r  a l l  n u c l i d e s  except  t r i t i u m  
a r e  w i t h i n  a  f a c t o r  o f  two o f  t h e  c u r r e n t  AMDA values, most l a b o r a t o r i e s  
should be a b l e  t o  pass t h e  c r i t e r i o n  w i t h  m inor  m o d i f i c a t i o n s  t o  procedures. 
The AMDA values, t h e r e f o r e ,  appear a p p r o p r i a t e  f o r  t h e  p resen t  c a p a b i l i t i e s  o f  
most p a r t i c i p a t i n g  l a b o r a t o r i e s .  Only  t h e  AMDA f o r  t r i t i u m  appears t o  be 
incompat ib le  w i t h  l a b o r a t o r y  c a p a b i l i t i e s .  The p resen t  AMDA i s  a t  l e a s t  10 
t imes t h e  MDA f o r  94% o f  t h e  p a r t i c i p a n t s  and 50 t imes t h e  mean MDA. I n  t h i s  
case, l a b o r a t o r y  c a p a b i l i t i e s  f a r  exceed t h e  apparent  h e a l t h  phys ics  need, and 
a  l owe r  AMDA i s  n o t  r equ i red .  The d i s t r i b u t i o n s  of MDAs a r e  i l l u s t r a t e d  i n  
F igu re  10. 
3 One b ioassay l a b o r a t o r y  requested t h a t  t h e  t e s t i n g  l e v e l s  f o r  H be 
reduced. The reason was t h a t  c u r r e n t  t e s t i n g  l e v e l s  were high, compared w i t h  
measurement c a p a b i l i t i e s ,  and t h e  t e s t i n g  l a b o r a t o r y  was concerned t h a t  con- 
tam ina t i on  f rom f i r s t  samples c o u l d  s i g n i f i c a n t l y  i nc rease  background t r i t i u m  
l e v e l  s  i n  t h e i r  1  ow- level  coun t i ng  f a c i l  i ty. 
RELATIVE BIAS, Br 
The r e l a t i v e  b i a s  i s  a  measure o f  t h e  accuracy o f  t h e  measurement system. 
I t  i n d i c a t e s  how c l o s e l y  an a n a l y s i s  r e p o r t s  t h e  t r u e  a c t i v i t y  o r  amount i n  
samples. I t  i s  de f i ned  i n  t h e  d r a f t  s tandard as: 
r = r e l a t i v e  b i a s  
where N = t h e  number o f  samples 
Bri = t h e  b i a s  o f  a  s i n g l e  measurement 
where Ai i s  t h e  r e p o r t e d  concen t ra t i on  and Aai i s  t h e  known concen t ra t i on  o f  
t h e  sample. Because t h e  r e l a t i v e  b i a s  i s  an unbiased es t ima to r ,  i t  a l l ows  
comparison o f  samples a t  d i f f e r i n g  concent ra t ions .  The d r a f t  s tandard  
s p e c i f i e s  t h a t  t h e  r e l a t i v e  b i a s  i s  t o  be determined by a t  l e a s t  f i v e  t e s t  
samples and t h a t  b ioassay l a b o r a t o r i e s  should achieve a  r e l a t i v e  b i a s  o f  
-0.25 s B 5 + o . ~ o  when the  t e s t  a c t i v i t y  i s  a t  l e a s t  10 times the  AMDA. A t  
r 
the  t ime the  samples were prepared, o n l y  t h ree  r e p l i c a t e  samples were 
requi red.  Approximately one - th i rd  of t h e  p a r t i c i p a n t s  repor ted  r e s u l t s  f o r  
which r e l a t i v e  b i a s  was ou ts ide  the  recommended l i m i t s .  
3  238pu, nat, F igures 2, 5, 7, 8, and 9  show t h a t  t h e  mean b iases f o r  H, , 
6 0 ~ o  and 1 3 7 ~ s  were q u i t e  small ((10%). The i n d i v i d u a l  data f o r  these 
nuc l i des  show t h a t  t he  a n a l y t i c a l  r e s u l t s  were ou ts ide  the  b i a s  c r i t e r i o n  o f  
t he  standard (-0.25 t o  +0.50) o n l y  9% o f  t h e  t ime. F igures 4  and 6 show the  
mean r e l a t i v e  b iases f o r  and 241~m,  bo th  o f  which were about -15%. 
Re la t i ve  b i a s  f a i l u r e  r a t e s  were about 15% and 20%, respec t i ve l y .  The o n l y  
nucl  i d e  category w i t h  a  mean r e l a t i v e  b i a s  ou ts ide  the  acceptable range 
s p e c i f i e d  by d r a f t  ANSI Standard N13.30 was 8 9 ~ r  (-36%), and the  r e l a t i v e  b i a s  
f a i l u r e  r a t e  was 50% (see Figure 3).  Analyses f o r  8 9 ~ r  i n  the  presence o f  
i n v o l v e  complex chemical and mathematical manipulat ions,  which exp la ins  
why f a i l u r e  r a t e s  f o r  8 9 ~ r  were high. 
I f ,  as was recommended i n  t h e  p i l o t  s tudy repor t ,  the  present  Br c r i -  
t e r i o n  o f  -0.25 r Br 6 +0.50 were t i gh tened  t o  -0.20 s Br r +0.20, t h e  
percent  f a i l u r e s  would increase l e s s  than 10%. For most nuc l ides ,  t h i s  
represents t h e  f a i l u r e  o f  one a d d i t i o n a l  labora tory ,  on average. The 
except ions were 9 0 ~ r  and n a t u r a l  uranium which would show increases i n  the  
percent  f a i l u r e  o f  29% and 14%, respec t i ve l y .  The r e l a t i v e  b i a s  c r i t e r i o n  
appears e a s i l y  achievable by most p a r t i c i p a t i n g  l abo ra to r i es .  Except f o r  
s t ron t i um and n a t u r a l  uranium, t i g h t e n i n g  t h e  r e l a t i v e  b ias  c r i t e r i o n  t o  
-0.20 s Br r +0.20, would have minimal e f f e c t  on the  number o f  l a b o r a t o r i e s  
f a i l i n g .  
RELATIVE PRECISION, S, AND SB 
1 
The r e l a t i v e  p r e c i s i o n  i s  a  measure o f  t h e  r e p r o d u c i b i l i t y  o f  an analy-  
s i s .  I n  accordance w i t h  the  d r a f t  standard, i t  i s  measured by two separate 
s t a t i s t i c s .  The f i r s t ,  SA, i s  de f ined as the  standard d e v i a t i o n  o f  t he  
repo r ted  r e s u l t s  normal ized t o  the  average repor ted  value, expressed as: 
- 
where Ai i s  t h e  r e p o r t e d  concen t ra t i on  and A i s  1 Ai/N Th i s  express ion may 
be rearranged and expressed as: 
where so i s  t h e  s tandard  d e v i a t i o n  o f  a s e r i e s  o f  measurements. The SA equa- 
t i o n  may a l s o  be rearranged t o  t h e  form: 
Moving t h e  denominator te rm i n s i d e  t h e  summation a l l o w s  c a l c u l a t i o n  o f  a 
s i n g l e  SA over  more than  one concent ra t ion .  L ikewise,  SB i s  d e f i n e d  as t h e  
s tandard d e v i a t i o n  o f  t h e  b i as :  
Th i s  express ion  may be rearranged and expressed as: 
where so i s  de f i ned  as above and Aai i s  de f i ned  as f o r  r e l a t i v e  b ias .  
The reason f o r  us ing  two s t a t i s t i c a l  i n d i c a t o r s  i s  t h a t  t he  r e l a t i v e  
p r e c i s i o n  s t a t i s t i c  should be independent of r e l a t i v e  b ias.  I f  e r r o r s  
associated w i t h  the  ana lys i s  a re  m u l t i p l i c a t i v e  i n  na ture  ( a f f e c t i n g  the  
r e s u l t s  by a  percentage o f  t he  t o t a l ) ,  on l y  SA i s  independent of Br. How- 
ever, i f  e r r o r s  a re  a d d i t i v e  ( a f f e c t i n g  any component of t h e  c a l c u l a t i o n  by 
an abso lu te  amount), SB i s  independent of Br. Because i t  i s  impossib le t o  
know a  p r i o r i  which s i t u a t i o n  w i l l  predominate, both s t a t i s t i c s  were spec i f i ed .  
Although the  cons idera t ion  o f  s t a t i s t i c a l  independence o f  t he  c r i t e r i a  
was o f  t h e o r e t i c a l  importance t o  the  standard developers, SA and SB a re  
n e a r l y  equal, and e i t h e r  s t a t i s t i c  would be adequate t o  descr ibe  the  v a r i -  
a b i l i t y  o f  ana lys i s  r e s u l t s .  When Br i s  p o s i t i v e ,  SA i s  l e s s  than SB; when 
Br i s  negat ive,  t h e  oppos i te  i s  t rue .  When Br i s  zero, SA equals SB. As 
b i a s  increases, t h e  d i f f e r e n c e  between SA and SB a l s o  increases. However, 
f o r  o n l y  1 o f  105 data p o i n t s  d i d  the  d i f ference a f f e c t  whether o r  no t  a  
l a b o r a t o r y  passed the  r e l a t i v e  p r e c i s i o n  c r i t e r i o n .  
The d r a f t  standard requ i res  t h a t  r e l a t i v e  p r e c i s i o n  be g rea te r  than 0.4 
when t h e  t e s t i n g  l e v e l  i s  a t  l e a s t  10 t imes AMDA. O f  t h e  144 data p o i n t s  
repor ted,  o n l y  3 were f a i l u r e s  o f  r e l a t i v e  p r e c i s i o n  (2%). One l a b o r a t o r y  
f a i l e d  bo th  SA and SB f o r  8 9 ~ r  and 6 0 ~ o ,  and another l a b o r a t o r y  f a i l e d  o n l y  
SA f o r  The mean r e l a t i v e  p rec i s ions  f o r  a l l  categor ies,  except 89~ r ,  
were l e s s  than o r  equal t o  0.10. For 89~ r ,  the  mean r e l a t i v e  p r e c i s i o n  was 
about 0.2. 
The proposed c r i t e r i a  f o r  r e l a t i v e  p r e c i s i o n  (50.40) appear t o  be 
a t t a i n a b l e  by most p a r t i c i p a t i n g  l a b o r a t o r i e s  a t  10 t imes t h e  AMDA. I f  
e i t h e r  t h e  c r i t e r i a  were lowered t o  0.20 f o r  passing o r  i f  t h e  t e s t i n g  l e v e l  
were lowered t o  2  t o  5 t imes the  AMDA, t h e  percent  f a i l u r e  would be expected 
t o  increase 5  t o  10% based on two rounds o f  t e s t i n g .  
EVALUATION SUMMARY 
A t  f i r s t  glance, t he  present  performance c r i t e r i a  may n o t  appear t o  be 
s u f f i c i e n t l y  r igorous .  The data a l s o  i n d i c a t e  t h a t  some r e v i s i o n  o f  t he  
d r a f t  standard c r i t e r i a  f o r  SA, SB, and Br would be poss ib le  w i t h o u t  causing 
unacceptably h igh  f a i l u r e  percentages. 
Accord ing t o  t h e  c a l c u l a t i o n s  o f  Brodsky (1986), a  l a b o r a t o r y  must have 
a  t r u e  r e l a t i v e  p r e c i s i o n  o f  26% o r  l e s s  i n  o r d e r  t o  pass t h e  c r i t e r i o n  w i t h  
a  95% p r o b a b i l i t y ,  based on f i v e  r e p l i c a t e  sample counts.  L ikewise ,  i f  t h e  
t r u e  p r e c i s i o n  o f  t h e  a n a l y t i c a l  procedure were a c t u a l l y  0.40, t h e  l a b o r a t o r y  
should expect  t o  pass t h e  c r i t e r i o n  o n l y  50% o f  t h e  t ime.  I m p l i c i t  i n  t h e  
0.40 c r i t e r i o n ,  t he re fo re ,  i s  a  l a b o r a t o r y  c a p a b i l i t y  which g r e a t l y  exceeds 
t h e  0.40 l e v e l .  S i m i l a r  p r o b a b i l i t i e s  h o l d  f o r  r e l a t i v e  b i a s  va lues.  The 
p resen t  acceptance c r i t e r i a  f o r  r e l a t i v e  b i a s  and r e l a t i v e  p r e c i s i o n  a r e  
t h e r e f o r e  adequate. 
The p resen t  AMDAs appear a t t a i n a b l e  by t h e  p a r t i c i p a t i n g  l a b o r a t o r i e s  
and, w i t h  t h e  excep t i on  o f  t r i t i u m ,  do n o t  r e q u i r e  r e v i s i o n  a t  t h i s  t ime. 
The AMDA f o r  t r i t i u m  (100 nCi /L )  was based on h e a l t h  phys ics  cons ide ra t i ons  
and i s  10 t imes  t h e  c a l c u l a t e d  MDA f o r  95% o f  t h e  p a r t i c i p a n t s .  T e s t i n g  a t  
10 t imes t h e  AMDA r e q u i r e s  samples w i t h  a t  l e a s t  1 l L i / L  a c t i v i t y ,  which i s  
h i gh  enough t o  pose a  c ross-con tamina t ion  concern i n  a  l ow- l eve l  a n a l y t i c a l  
l abo ra to r y .  Reducing t h e  AMDA t o  10 nCi/L m i t i g a t e s  c ross-con tamina t ion  
problems w i t h o u t  s i g n i f i c a n t l y  a f f e c t i n g  t h e  a b i l i t y  o f  l a b o r a t o r i e s  t o  meet 
t he  standard. 

RECOMMENDED REVISIONS TO THE DRAFT ANSI STANDARD N13.30 
As work progressed on t h i s  p r o j e c t ,  frequent d iscussions took p lace 
between members o f  t he  p r o j e c t  team and members o f  t he  Heal th Physics Society  
Working Group 2.5 p repar ing  the  d r a f t  standard. P r o j e c t  representa t ives  
attended a l l  meetings o f  t h e  Working Group t o  ensure t h a t  the  in tercompar ison 
t e s t i n g  corresponded t o  t h e  recommendations o f  t he  d r a f t  standard. P r o j e c t  
s t a f f  members prov ided numerous suggestions f o r  improving the  d r a f t  standard 
du r ing  these meetings. Many o f  the  f o l l o w i n g  recomnendations t o  the  committee 
prepar ing  d r a f t  A N S I  Standard N13.30 were incorpora ted  o r  a re  c u r r e n t l y  under 
cons idera t ion  by the  Working Group: 
a d d i t i o n a l  d e f i n i t i o n s  o f  terms 
procedures f o r  i n  v i v o  t e s t i n g  
procedures f o r  i n  v i t r o  t e s t i n g  
s e l e c t i o n  o f  ca tegor ies  and rad ionuc l ides  f o r  bo th  i n  v i t r o  and 
i n  v i v o  t e s t i n g  
changes i n  acceptance c r i t e r i a  
desc r ip t i ons  o f  phantoms f o r  i n  v i v o  t e s t i n g  ( to rso ,  whole-body, 
and neck phantoms) 
desc r ip t i ons  o f  q u a l i t y  c o n t r o l  procedures 
use o f  a r t i f i c i a l  u r i n e  and feces t e s t  matr ices.  - 
r e v i s i o n  o f  t he  equat ion used t o  c a l c u l a t e  S A Y  moving the  A  i n s i d e  
the  summation. The presen't form i s :  
This  equat ion w i l l  g i v e  numer ica l l y  equ iva len t  r e s u l t s  t o  t he  o r i -  
g ina l  equat ion b u t  has the  added advantage o f  a l l o w i n g  c a l c u l a t i o n  
o f  t he  s t a t i s t i c  f o r  more than one t e s t i n g  concent ra t ion  a t  a  t ime, 
i n  a  manner s i m i l a r  t o  SB. 
S p e c i f i c  recommendations f o rmu la ted  i n  response t o  r e s u l t s  o f  t h e  i n  v i t r o  
s tudy  a re :  
r e t a i n  p resen t  acceptance c r i t e r i a  f o r  r e l a t i v e  b i a s  and r e l a t i v e  
p r e c i s i o n  
3 reduce t h e  accep tab le  MDA f o r  H by a f a c t o r  o f  10 t o  address 
c ross-con tamina t ion  concerns. 
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REQUEST FOR ESTIMATED MDA AND ERROR 
February 23, 1982 
Dear 
RE: Technical Eva lua t ion  o f  D r a f t  ANSI Standard N13.30. 
Thank you f o r  responding t o  our  recent  i n v i t a t i o n  t o  p a r t i c i p a t e  i n  a  bioassay 
in tercompar ison study t o  evaluate the  performance c r i t e r i a  conta ined i n  d r a f t  
ANSI Standard 13.30. The d r a f t  Standard i s  c u r r e n t l y  be ing  rev i sed  and there  
may be some a d d i t i o n a l  changes i n  the  choice o f  t e s t  rad ionuc l ides  and t e s t i n g  
ranges. For example, we a re  c u r r e n t l y  a n t i c i p a t i n g  the  nuc l ides  and ranges 
shown i n  Table I. You may n o t i c e  t h a t  we have de le ted  226Ra and the  category 
o f  gross alpha measurements. I n  add i t i on ,  we p lan  t o  mix 2 3 8 P ~  w i t h  241Am, 
and 137Cs w i t h  9 0 S r  i n  t he  samples sent  o u t  f o r  assay. 
The purposes o f  t h i s  program a re  t o  evaluate the  appropriateness o f  perform- 
ance c r i t e r i a  i n  d r a f t  A N S I  Standard 13.30, "Performance C r i t e r i a  f o r  Radio- 
bioassay," and t o  measure the  performance o f  e x i s t i n g  bioassay l a b o r a t o r i e s  
aga ins t  the  c r i t e r i a  s p e c i f i e d  i n  t h a t  d r a f t  standard. The end r e s u l t  o f  t he  
program w i l l  be a  manual d e t a i l i n g  procedures and c r i t e r i a  by which labora-  
t o r i e s  p rov id ing  bioassay serv ices  w i  11 be "accredi ted."  
We would appreciate your  est imate o f  a  minimum detec tab le  a c t i v i t y  (MDA) and 
i t s  associated standard d e v i a t i o n  f o r  each n u c l i d e  f o r  which you wish t o  
q u a l i f y .  Please use t h e  at tached form. We would a l s o  request  an es t ima t ion  
o f  unce r ta in t y  f o r  t he  o the r  t h ree  l e v e l s  o f  a c t i v i t y  l i s t e d  on the  at tached 
sheet. The cumulat ive data w i l l  be used t o  guide i n  s e l e c t i o n  o f  f i n a l  
February 23, 1982 
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tes t ing levels ,  numbers of samples, and fo r  fur ther  evaluation of acceptable 
min imum detectable ac t iv i ty  (AMDA) in the draf t  ANSI standard. Each response 
will be held in s t r i c t e s t  confidence. 
We are  planning to  use a r t i f i c i a l  urine in t h i s  project. The a r t i f i c i a l  urine 
wi 11 contain inorganic and biological cons t i  tuents . I f  you have comments 
regarding th i s  option, we would greatly appreciate them. Please t r y  to  be 
specific in your cr i t ic ism or support. 
We feel that  your cooperation i s  essential  t o  the development of a good 
accreditation procedure and the best possible standard. 
Very t ru ly  yours, 
TABLE A.1. I n - V i t r o  T e s t i n g  Categories, Radionucl ides, 
and Tes t i ng  Range 
Procedure Radionucl i d e  Range 
L i a u i d  s c i n t i l l a t i o n  3~ 2.0-200 uCi/L , . 
A1 pha spectrometry 2 4 1 ~ m  0.06-6.0 pCi/L 
2 3 8 ~ u  0.05-5.0 pCi/L 
Beta measurements 0.01-1.0 nCi/L 
Fluorescence measurements nat,, 5.0-500 pg/L 
Gamma spectrometry 13'cs 0.04-4.0 nCi/L 
Return t o :  
P a c i f i c  Nor thwest  ' Labora to ry  
Heal t h  Physi  cs Techno1 ogy 
Richland, WA 99352 
Nucl i de 
AMDA suggested by D r a f t  ANSI N13.30 = 
Es t imated  MDA + la = Count t ime  
MDA = minimum d e t e c t a b l e  a c t i v i t y  
b  = s tandard  d e v i a t i o n  o f  a p p r o p r i a t e  b lank  
E = coun t i ng  e f f i c i e n c y  expressed as a  decimal 
R = recovery  expressed as a  decimal 
V = sample s i z e  
K = convers ion  f a c t o r  t o  conve r t  dpm t o  a p p r o p r i a t e  
u n i t s  
1. AMDA + la -  Count t ime  
- 2. 20 AMDA + 10 - Count t ime  
3. 100 AMDA + la = Count t ime  
Comments: a r t i f i c i a l  u r i n e ,  proposed AMDA, o the r .  
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APPENDIX €3 
SAMPLE PREPARATION PROCEDURE 
I .  BOTTLE PREPARATION, FILLING AND SHIPPING 
1. A l l  b o t t l e s  and caps (50-L carboys, 2-L and 250-mL b o t t l e s )  a r e  
f i l l e d  w i t h  a 4% s o l u t i o n  o f  ~ a d i a c w a s h ~  and a l lowed t o  soak f o r  
24 hours o r  more. 
2. The b o t t l e s  and caps a r e  r i n s e d  e x h a u s t i v e l y  w i t h  t a p  water,  
f o l l o w e d  by two r i n s e s  w i t h  de ion ized  water .  The de ion i zed  wate r  
i s  prepared by pass ing t a p  wate r  through a p u r i f i c a t i o n  system 
c o n s i s t i n g  o f  a 20-pm p r e f i l t e r  c a r t r i d g e  f o l l o w e d  by  a mixed bed 
i o n  exchange c a r t r i d g e ,  a charcoal  c a r t r i d g e ,  and f i n a l l y  a 5 - ~ m  
scrubb ing  c a r t r i d g e .  
3. The b o t t l e s  and caps a r e  then  a i r  d r i e d .  To guard aga ins t  dus t  
p a r t i c l e s  f a l l i n g  i n t o  t h e  b o t t l e s ,  t hey  a r e  e i t h e r  l a i d  on t h e i r  
s ides  o r  covered w i t h  paper towe ls  d u r i n g  d r y i ng .  
4. A f t e r  t h e  b o t t l e s  have d r i e d ,  t h e  caps a r e  screwed on t h e  b o t t l e s  
and t h e  l a b e l s  prepared and a f f i x e d  as below. 
5. The l a b e l s  f o r  t h e  b o t t l e s  a r e  prepared and taped on t h e  b o t t l e s .  
The l a b e l s  a r e  s tandard  adhesive-backed paper. The l a b e l s  a r e  
covered w i t h  a s t r i p  o f  c l e a r  23- inch tape  t o  f u r t h e r  p r o t e c t  t h e  
i n f o r m a t i o n  on them. 
6. The capped, l a b e l e d  b o t t l e s  a r e  then  weighed t o  k0.015-g accuracy 
on a t o p  l o a d i n g  balance. 
7. A1 i q u o t s  o f  sp iked  a r t i f i c i a l  u r i n e  a r e  then  d e l i v e r e d  t o  each 
b o t t l e ,  as descr ibed  below ( s teps  8-16). Procedures f o r  p repa r i ng  
t h e  sp iked  a r t i f i c i a l  u r i n e  a r e  d iscussed i n  Sec t ion  11. 
B Atomic Products Corp., Center  Moriches, New York. 
The 50-L carboy o f  spiked a r t i f i c i a l  u r i n e  i s  p o s i t i o n e d  near a  
sample d ispensing apparatus c o n s i s t i n g  o f  a  p e r i s t a l t i c  pump, speed 
c o n t r o l  and a  handheld remote switch. The supply t u b i n g  i s  p laced 
i n  t h e  50-L carboy and 1300-1400 mL ( o r  appropr ia te  volume) o f  
sample a re  d e l i v e r e d  t o  each b o t t l e .  
Each b o t t l e  i s  immediately capped and reweighed t o  t h e  nearest  
k0.15 g  on a  top- load ing  e l e c t r o n i c  balance. A f t e r  weighing, a l l  
caps a r e  taped t o  the  neck o f  the  b o t t l e  w i t h  s t r e t c h  v i n y l  tape. 
A l l  weights a re  recorded i n  t h e  l abo ra to ry  notebook, o r  t he  balance 
p r i n t o u t  tape i s  a f f i x e d  t o  t h e  notebook. 
The b o t t l e s  and l a b o r a t o r i e s  are  randomly se lec ted  by drawing 
numbered c h i t s  from a  conta iner .  
The assigned sample b o t t l e s  a re  then placed i n  93 i n .  by 94 i n .  by 
12 i n .  DOT approved boxes ( t ype  12B), 3 b o t t l e s  t o  a  box. Vermic- 
u l i t e  i s  poured around each b o t t l e  u n t i l  t he  box i s  f u l l .  The 
b o t t l e s  a r e  l i f t e d  s l i g h t l y  t o  ensure t h a t  t he re  i s  a  l a y e r  o f  
v e r m i c u l i t e  beneath them. 
The f o l l o w i n g  sheets a re  i nse r ted '  i n  each box: 
a. I n s t r u c t i o n s  t o  Labora tor ies  
b. QA/QC Guidel ines 
c. Data Report Sheets. 
The box i s  taped securely  shut  and shipped a f t e r  t h e  f o l l o w i n g  
l a b e l s  a r e  a f f i x e d :  
a. Address Label 
b. Corros ive L i q u i d s  Label (NOS 1760) 
c. Corros ive L iqu ids  Label (diamond shape) 
d. "This  Side UpN Label . 
One sample f rom each rad ionuc l  i d e  batch (50-L carboy) i s  sent  t o  an 
a n a l y t i c a l  l abo ra to ry  f o r  con f i rma t ion  o f  c a l c u l a t e d  d i l u t i o n .  
The remaining samples (7-8 from each l e v e l )  a re  s to red  i n  t he  
1  aboratory.  
11. PREPARATION OF SPIKED ARTIFICIAL URINE 
1. V e r i f y  t h e  presence o f  a  v a l i d  c a l i b r a t i o n  l a b e l  on a l l  balances t o  
be used. 
2. Place a  1- in .  by 6- in.  magnetic s t i r r i n g  bar  i n  t he  carboy and t a r e  
weigh t h e  carboy, bar,  and caps. Ensure t h a t  there  a re  13 t o  
16 inches o f  nonmagnetic ma te r i a l  between the  magnetic s t i r r i n g  bar  
i n  t he  bottom o f  the  carboy and top o f  t h e  balance. Th is  i s  neces- 
sary  t o  a l l e v i a t e  d is turbances i n  the  accuracy o f  t he  balance 
because o f  t he  magnetic f i e l d  from the  s t i r r i n g  bar. 
3 .  Place about 35 kg o f  water i n  a  50-L carboy. Record the  weight  o f  
t he  added water i n  the  l abo ra to ry  notebook ( o r  use the  p r i n t e r  
tape).  
4. S t a r t  t he  magnetic s t i r r e r  and add the  var ious  components o f  the  
a r t i f i c i a l  u r i n e  w h i l e  s t i r r i n g .  Record a l l  sample and t a r e  
weights i n  t he  l abo ra to ry  notebook ( o r  use p r i n t e r  tape) .  
5. Ca lcu la te  the  q u a n t i t y  o f  50% concentrated n i t r i c  a c i d  t o  be added 
so t h a t  t he  f i n a l  ca l cu la ted  concent ra t ion  o f  a c i d  w i l l  be equi -  
v a l e n t  t o  50 g  o f  concentrated (70%) HN03 per  1  i t e r  o f  so lu t i on ,  o r  
approximately 0.55 M f o l l o w i n g  a d d i t i o n  o f  rad ionuc l i de  standard. 
6. Add the  appropr ia te  d i l u t e d  NBS-supplied standard sp ike  (see 
Sect ion I11 f o r  d e t a i l s ) ,  and c a l c u l a t e  the  weight  o f  water and 
a c i d  s t i l l  r equ i red  as shown below f o r  a  50-kg batch: 
'wa = 50 kg - [Wu + Ww + Ws f Was] 
where Waa = 2.5 kg - C0.5 Wa + 0.5 W S ]  
W = weight o f  a r t i f i c i a l  u r i n e  cons t i t uen ts  (kg)  u  
Ww = weight  o f  water  p rev ious l y  added (kg) 
Ws = weight  o f  standard spike (kg)  
Wa = weight  o f  a c i d  added i n  s tep  5  (kg) 
= weight  o f  water  t o  be added (kg)  
'aa = weight  o f  a c i d  t o  be added a f t e r  sp ike 
7 .  Add Waa and approximately 95% o f  the  water requ i red  Wwa and s t i r  
f o r  30 minutes. 
8. Use the  f l o o r  crane t o  l i f t  the  carboy from the  magnetic s t i r r e r  
t o  t he  60-kg top- load ing  balance and add water u n t i l  t h e  f i n a l  
weight  (Wf) o f  the  carboy contents reaches 50 kg (t 1.5 g) .  
9. Remove the  carboy from the  balance, and p lace i t  on t h e  magnetic 
s t i r r e r .  S t i r  v i go rous l y  f o r  a t  l e a s t  30 minutes be fore  dispens- 
i n g  samples. 
111. PREPARATION OF NBS STANDARD SPIKE FOR ADDITION TO ARTIFICIAL URINE 
1. D i l u t i o n s  a re  performed i n  2-L polyethy lene b o t t l e s  which have 
been washed and d r i e d  as p rev ious l y  discussed (Sect ion  I ) .  
2. Ca lcu la te  the  amount o f  NBS standard t o  be added t o  the  d i l u t i o n  
b o t t l e  as below: 
where WSa = Appropr ia te  weight  (g )  o f  the  NBS standard t o  be added 
t o  t h e  d i l u t i o n  b o t t l e .  
FD = F ina l  des i red  weight  ( u s u a l l y  50 kg) o f  t o t a l  sp iked 
a r t i f i c i a l  u r i n e  batch. 
FD = F i n a l  des i red  n u c l i d e  concent ra t ion  i n  a r t i f i c i a l  
u r i n e  ( a c t i v i t y  o r  mass/kg). 
CS = Concentrat ion o f  n u c l i d e  i n  NBS supp l ied  standard 
( a c t i v i t y  o r  mass/g) . 
3. Add a  50% s o l u t i o n  o f  concentrated n i t r i c  a c i d  (35% ac tua l  HN03 
concent ra t ion)  t o  t he  po lye thy lene d i l u t i o n  b o t t l e  accord ing t o  the  
f o l l o w i n g  equat ion: 
where Wa i s  t he  weight o f  a c i d  s o l u t i o n  t o  add ( g )  and W S a  i s  the  
ca l cu la ted  weight  o f  NBS Standard t o  be added t o  a r t i f i c i a l  u r i n e  
(9 )  
4. Open enough NBS Standard v i a l s  t o  p rov ide  s u f f i c i e n t  nuc l i de  and 
a s p i r a t e  the standard s o l u t i o n  i n t o  a  disposable Reserv ia l .  @I 
5 .  Weigh the v i a l  and standard and dispense the  ca l cu la ted  weight 
(Wsa) o f  standard i n  the  polyethy lene b o t t l e .  
6. Cap the  b o t t l e  and mix thoroughly. 
7. Weigh the  b o t t l e  and.pour t he  contents i n t o  a  batch o f  a r t i f i c i a l  
u r ine .  Reweigh the  b o t t l e  t o  c a l c u l a t e  the  exact  amount o f  
standard de l  i v e r e d  (WSd). 
8. Ca lcu la te  the  f i n a l  ac tua l  concent ra t ion  o f  nuc l i de  added t o  the  
carboy as be1 ow: 
where CFC = F i n a l  ca l cu la ted  nuc l i de  concent ra t ion  i n  a r t i f i c i a l  
u r i n e  ( a c t i v i t y  o r  mass per  kg). 
WSd = Weight o f  NBS Standard de l i ve red  t o  the  a r t i f i c i a l  
u r i n e  (g) .  
Wf  = F i n a l  weight o f  carboy contents from Step 8 Sect ion 11. 
CS = Concentrat ion o f  nuc l i de  i n  NBS-supplied Standard 
( a c t i v i t y  o r  mass per  g).  
@ Disposable p l a s t i c  ampule, Pe r fec to r  S c i e n t i f i c ,  Atascadero, C a l i f o r n i a .  
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A P P E N D I X  C 
INSTRUCTIONS TO PARTICIPATING I N  VITRO LABORATORIES 
1. Log i n  t h e  r e c e i p t  of samples and send a  l i s t  of samples rece i ved  t o  
PNL. Samples w i l l  be l a b e l e d  w i t h  an i d e n t i f i c a t i o n  number i n  t h e  
f o l l o w i n g  format :  
where A = Labora to ry  code (A, B, C, D, e t c . )  
S r  = S t ron t i um o r  o t h e r  n u c l i d e  
0001 = Sample i d e n t i f i c a t i o n  number 0001-9999 
7356-32 = PNL i d e n t i f i c a t i o n  number. 
2. The da te  on t h e  l a b e l  o f  each b o t t l e  i s  t h e  da te  t h a t  t h e  n u c l i d e  was 
added t o  t h e  u r i n e ,  and a l l  da ta  should be decay-corrected t o  t h a t  date,  
i f  necessary. 
3. Use t h e  i d e n t i f i c a t i o n  number i n  a l l  subsequent bookkeeping and 
correspondence. 
4. Send complete a n a l y t i c a l  procedures i n c l u d i n g  QA, wet chemist ry ,  count-  
ing ,  and da ta  r e d u c t i o n  t o  PNL f o r  rev iew.  
5. Report  measurement r e s u l t s  w i t h i n  30 days a f t e r  r e c e i p t  of samples and 
use t h e  r e p o r t  sheets prov ided.  
6. PNL w i l l  send t o  p a r t i c i p a n t s  t h e  summary sheets c o n t a i n i n g  r e s u l t s  o f  
a l l  p a r t i c i p a t i n g  l a b o r a t o r i e s ,  f o l l o w i n g  r e c e i p t  o f  data. 
7. The i d e n t i t y  o f  p a r t i c i p a t i n g  l a b o r a t o r i e s  and t h e  con ten t  o f  any pro-  
cedures sen t  t o  PNL w i l l  n o t  be revea led  t o  any person o r  agency o f  t he  
government o r  p r i v a t e  s e c t o r  w i t h o u t  t he  p r i o r  consent of t h e  
p a r t i c i p a n t .  
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IN VITRO MEASUREMENTS REPORT FORM 
Nucl i de Sample Preparat ion Date 
Name o f  Laboratory and/or Code L e t t e r  
Contact Person Phone ( ) 
Date o f  Receipt Date o f  Analysis 
Method o f  Storage: 
Sample Manipulations: 
Ana ly t i c  Method: 
Apparatus/lnstrumentation Used: 
Sample Total  Count Background Counting Sample Est. 
No. Counts Time Count Rate E f f i c i e n c y  Recovery Assay E r r o r  U n i t s  
Sb = E = R = MDA = 
Please r e t u r n  t h i s  form by to:  A1 Robinson 
P a c i f i c  Northwest Laboratory 
ESB. Room 9 
INSTRUCTIONS: I N  VITRO MEASUREMENTS REPORT FORM 
1. Method o f  Storage - room temperature,  f rozen ,  e t c .  
2. Sample Man ipu la t i ons  - a d d i t i o n  o f  ac i d ,  d i v i s i o n  o f  sample, e t c .  
3. A n a l y t i c a l  Method - b r i e f  d e s c r i p t i o n ,  o r  re ference t h e  procedure 
subm i t t ed  p r e v i o u s l y  t o  PNL. I n d i c a t e  d i f f e rences  f rom r o u t i n e  
procedure, i f  any. 
4. Data - do n o t  round o f f .  -
5. Count t i m e  - minutes. 
6. Es t imated  E r r o r  - t o t a l  e r r o r  due t o  coun t i ng  s t a t i s t i c s ,  sys temat ic  
e r r o r s ,  and e r r o r  propagated d u r i n g  c a l c u l a t i o n  o f  e f f i c i e n c y ,  recovery,  
e t c .  
7. U n i t s  - o r  pCi /L  f o r  r ad ionuc l  ides;  ug/L f o r  n a t u r a l  uranium. 




where sb = s tandard  d e v i a t i o n  o f  a p p r o p r i a t e  b lank  
E = coun t i ng  e f f i c i e n c y  expressed as a decimal f r a c t i o n  
R = recovery,  expressed as a decimal f r a c t i o n  
V = sample s i z e  
K = convers ion  f a c t o r  t o  conve r t  t o  a p p r o p r i a t e  u n i t s  
4.65 = d e r i v e d  f a c t o r  t o  l i m i t  t ype  I and I 1  e r r o r s .  
Note: The MDA i s  n o t  t o  be determined by  these  sample analyses, b u t  -
r a t h e r  i s  t o  be d e r i v e d  f rom p rev ious  l a b o r a t o r y  exper ience.  
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APPENDIX E 
DETERMINATION OF MINIMUM DETECTABLE AMOUNTS 
The standard method o f  C u r r i e  (1968) was used t o  p r e d i c t  t he  minimum 
detec tab le  amount based s o l e l y  on the  standard d e v i a t i o n  o f  the c o n t r o l  
sampl e. 
Type 1 and type 2 e r r o r s  ( a  and 6) were assumed equal, and random e r r o r s  
were assumed normal ly  d i s t r i b u t e d .  Also, t he  standard d e v i a t i o n  of the  s igna l  
a t  t he  de tec t i on  p o i n t  was assumed equal t o  t he  standard dev ia t i on  of the  
c o n t r o l ,  such t h a t  
i f  a = B = 67%, then MDA = 2.32 a  
i f  a = 6  = 95%, then MDA = 4.65 u 
i f  a  = 6  = 99%, then MDA = 6.98 a  
I n  add i t i on ,  t h i s  est imate assumed t h a t  blanks and samples a re  counted 
f o r  t he  same pe r iod  o f  t ime. To generate the  data i n  Table 4 (page 12) ,  
a  = B = 95% was chosen. Then, f o r  a l l  nuc l i des  except 8 9 ~ r  and na tu ra l  
uran i um 
where uc = one standard d e v i a t i o n  o f  the  c o n t r o l  sample counts 
a  = conversion f a c t o r  f o r  t rans format ion  t o . p C i  o r  nCi 
E  = e f f i c i e n c y ,  counts per  t rans format ion  
R = chemical recovery 
V = sample volume 
T  = count time. 
The "3" i n  t he  equat ion i s  used t o  est imate MDA when a, i s  n e g l i g i b l e .  
Under t h i s  assumption, a t  l e a s t  3 counts from the  sample would be necessary 
t o  l i m i t  type 2 e r r o r s  ( f a l s e  negat ives)  t o  5%. I f  a l l  f a c t o r s  necessary t o  
c a l c u l a t e  MDA were n o t  reported, t he  r e s u l t  was recorded as inadequate data 
( I I D )  
The above equat ion  i s  n o t  a p p r o p r i a t e  f o r  8 9 ~ r  o  n a t u r a l  uranium. 
Na tu ra l  uranium i s  measured by f l u o r o m e t r i c  methods. g i v i n g  a measurement cu r -  
r e n t  r a t h e r  than  d e s c r i b i n g  counts.  For  89~r ,  a  more compl i c a t e d  procedure i s  
necessary t o  account f o r  con ten t .  Fo r  b o t h  nuc l i des ,  t h e  s tandard  dev i -  
a t i o n  o f  t h e  t e s t  r e s u l t s  was used and t h e  equat ion  s i m p l i f i e d  t o :  
MDA = 4.65 oa 
where oa i s  t h e  s tandard d e v i a t i o n  o f  t h e  assay va lues.  
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DEFINITION OF TERMS 
a. Aai = " t r u e "  concen t ra t i on  
b. MDA = "Minimum Detec tab le  Amount," as c a l c u l a t e d  by PNL. MDA(1) i s  
es t imated  f rom t h e  r e p o r t e d  counts  f o r  t h e  f i v e  r e p l i c a t e  b l ank  samples 
w i t h  t h e  equat ion  
4.65 sB + 3  
MDA = .T 
where K equals  t h e  c a l i b r a t i o n  f a c t o r  necessary t o  conve r t  counts  t o  t h e  
d e s i r e d  concen t ra t i on  u n i t s .  MDA(2) i s  es t imated  f rom t h e  r e p o r t e d  
assays f o r  t h e  f i v e  r e p l i c a t e  b lank  counts f rom t h e  equat ion  
MDA = 4.65 sB 
where sB i s  t h e  s tandard  d e v i a t i o n  o f  t h e  f i v e  r e p l i c a t e  assays. 
c. AMDA = "Acceptable Minimum De tec tab le  Amount," as de f i ned  by  d r a f t  ANSI 
Standard N13.30. 
d. Br = R e l a t i v e  Bias,  as de f i ned  by d r a f t  ANSI Standard N13.30. 
e. SA and SB = R e l a t i v e  P r e c i s i o n  es t ima to rs ,  as d e f i n e d  by d r a f t  ANSI 
Standard N13.30. 
f. I /D  = inadequate da ta  t o  c a l c u l a t e  
g. Standard C r i t e r i a  
-0.25 s Br 5 0.50 
SA and SB 5 0.40 
MDA s AMDA 
TABLE F. 1. % R e l a t i v e  Bias and Prec is ion ,  and MDA (AMDA = 100 nCi/L) 
MDA, 
s~ A MDA(1) Round Lab 
One 2.95E+01 
3.01E+02 
Subto ta l  * 
3.54E+03 
To ta l  
One 2.95E+01 
3.01E+02 
Subto ta l  
3.54E+03 
T o t a l  
One 2.95E+01 
3.01E+02 
Subto ta l  
3.54E+03 
T o t a l  
One 2.90E+01 
3.01E+02 
Subto ta l  
3.54E+03 
T o t a l  







Subto ta l  
3.54E+03 
To ta l  
One 2.90E+01 
3.01E+02 
Subto ta l  
3.54E+03 
T o t a l  
One 2.90E+01 
3.01E+02 
Subto ta l  
3.54E+03 
To ta l  
* Subto ta l  i s  t h e  composite s t a t i s t i c  f o r  t h e  two lower  t e s t  concent ra t ions .  
TABLE F.1. (Contd) 
MDA, nCi/L 
MDA(1) MDA(2) Round Lab - -
One V 2.90E+01 
3.01Et02 
Sub to ta l  
3.54Et03 
T o t a l  
Two AD 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
To t a  1 
Two AE 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
To t a  1 
Two AG 1.17Et01 
1.54Et02 
Sub to ta l  
1.49Et03 
T o t a l  
Two AH 1.17Et01 
1.54E+02 
Sub to ta l  
1.49Et03 
T o t a l  
Two A 1  1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
Two AJ 1.17Et01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  












Sub to ta l  
1.49Ei03 
T o t a l  
1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
1.17E+01 
1.54E+02 
Sub to ta l  
1 .49 E+03 
T o t a l  
1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
1.17E+01 
1.54E+02 
Sub to ta l  
1.49Et03 
T o t a l  
1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
MDA, nCi/L 
r B s~ - 
TABLE F. 1. (Contd) 
MDA, nCi /L  
MDA(1) MDA(2) 






Sub to ta l  
1.49Et03 
T o t a l  
Two 1.17Et01 
1.54Et02 
Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17Et01 
1.54Et02 
Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17Et01 
1.54Et02 
Sub to ta l  
1.49Et03 
T o t a l  
Two 1.17Et01 
1.54Et02 
Sub to ta l  
1.49Et03 
T o t a l  
1.17Et01 
1.54Et02 
Sub to ta l  
1.49E+03 




Sub to ta l  
1.49Et03 
T o t a l  
TABLE F.1. (Contd) 
MDA, nCi /L  





Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
Two 1.17E+01 
1.54E+02 
Sub to ta l  
1.49E+03 
T o t a l  
TABLE F.1. (Contd) 
* a i  MDA, nCi/L 
Round Lab - - nCi/L  r S~ S~ MDA(1) MDA(2) 
TWO V 1.17E+01 -2.64E-01 3.73E-02 5.07E-02 4.59E+00 3.42E+00 
1.54E+02 -1.28E-02 9.29E-02 9.41E-02 
Sub to ta l  -1.38E-01 1.51E-01 6.76E-02 
1.49E+03 -2.62E-02 6.34E-02 6.51E-02 
T o t a l  -1.01E-01 1.36E-01 6.26E-02 
TABLE F.2. 8 9 ~ r  R e l a t i v e  B ias  and P rec i s i on ,  and MDA (AMDA = 10 pCi /L )  
*a i  ' MDA, pCi /L  
Round Lab - - pCi/L r S~ A MDA(1) MDA(2) 
TWO AJ 3.69E+01 -8.56E-01 1.58E-01 l.lOE+OO 4.88E+00 4.85E+01 
1.08E+02 -1.19E+00 6.28E-01 3.28E+00 
T o t a l  -1.02E+00 4.49E-01 2.19E+00 
TWO AM 3.69E+01 1.56E-01 4.56E-01 3.94E-01 I / D  3.92E+01 
1.08E+02 -7.87E-02 3.90E-01 4.23E-01 
T o t a l  3.85E-02 4.00E-01 3.66E-01 
Two AN 3.69E+01 
1.08Et02 
T o t a l  
Two AP 3.69E+01 
1.08E+02 
T o t a l  
Two E 3.69E+01 
1.08E+02 
T o t a l  
Two G 3.69E+01 
1.08E+02 
T o t a l  
TABLE F.3. 9 0 ~ r  R e l a t i v e  B ias  and P rec i s i on ,  and MDA (AMDA = 10 pCi /L)  
A a i  MDA, pCi/L 
Round Lab - - pCi/L r B S~ MDA ( 1 ) MDA(2) 
One B 1.69E+01 -2.35E-01 2.18E-01 2.85E-01 6.33E+00 4.13E+00 
1.85E+02 -3.32E-01 5.25E-02 7.85E-02 
T o t a l  -2.83E-01 1.52E-01 1.87E-01 
One E 1.69E+01 3.16E-02 2.07E-01 2.01E-01 1.86E+00 2.89E+00 
1.85E+02 4.99E-02 3.49E-01 3.33E-01 
T o t a l  4.07E-02 2.57E-01 2.46E-01 
One F 1.69E+01 -7.30E-02 2.07E-01 2.23E-01 7.25E-01 8.32E-01 
1.85E+02 -2.29E-01 1.79E-01 2.32E-01 
To t a  1 -1.51E-01 1.93E-01 2.04E-01 
One G 1.69E+01 -1.90E-01 1.67E-02 2.06E-02 I /D  l. l lE+OO 
1.85E+02 -7.10E-02 5.14E-03 5.53E-03 
T o t a l  -1.31E-01 6.63E-02 1.35E-02 
One I 1.69E+01 -2.96E-02 2.82E-01 2.90E-01 1.29E+01 1.70E+01 
1.85E+02 -2.36E-01 5.78E-02 7.57E-02 
T o t a l  -1.33E-01 2.14E-01 1.90E-01 
TWO A1 4.57E+01 -2.95E-02 7.04E-02 7.25E-02 I / D  4.09E+00 
1.24E+02 -1.42E-02 6.51E-02 6.61E-02 
T o t a l  -2.19E-02 6.12E-02 6.20E-02 
TWO AJ 4.57E+01 -3.21E-03 8.46E-02 8.48E-02 4.88E+00 1.29E+01 
1.24E+02 -2.50E-02 2.03E-01 2.09E-01 
T o t a l  -1.41E-02 1.40E-01 1.42E-01 
TWO AM 4.57E+01 -2.19E-01 8.29E-02 1.06E-01 2.95E+00 8.44E+00 
1.24E+02 -2.37E-01 1.02E-01 1.34E-01 
T o t a l  -2.28E-01 8.39E-02 1.08E-01 
TWO AN 4.57E+01 7.19E-02 4 .71~ -02  4.40E-02 I / D  2.30E-01 
1.24E+02 4.96E-02 3.40E-02 3.24E-02 
T o t a l  6.07E-02 3.87E-02 3.45E-02 
TWO AP 4.57E+01 -1.26E-01 5.57E-02 6.37E-02 4.17E+00 6.75E-01 
1.24E+02 -1.22E-01 6.90E-02 7.86E-02 
Tota 1 -1.24E-01 5.61E-02 6.40E-02 
TABLE F.3. (Contd) 
Round Lab - - pCi/L 
Two E 4.57E+01 
1.24E+02 
T o t a l  
Two G 4.57E+01 
1.24E+02 
T o t a l  
Two H 4.57E+01 
1.24E+02 
T o t a l  
Two S 4.57E+01 
1 .24~+02  
To t a  1 
MDA, pCi /L  
MDA( 1 )  MDA(21 
TABLE F.4. 2 3 8 ~ u  R e l a t i v e  B ias  and P rec i s i on ,  and MDA (AMDA = 0.06 pCi /L)  
MDA, pCi/L 
MDA(1) MDA(2) Round Lab - -
One M 1.07E-01 
9.28E-01 
T o t a l  
One Q 1.07E-01 
9.28E-01 
T o t a l  
One S 1.07E-01 
9.28E-01 
T o t a l  
One T 
One V 1.07E-01 
9.28E-01 
T o t a l  
Two AP 1.81E-01 
7.21E-01 
T o t a l  
Two E 1.90E-01. 
7.42E-01 
T o t a l  
Two H 
Two N 1.90E-01 -1.05E-01 1.39E-01 1.56E-01 4.19E-02 2.68E-02 
7.42E-01 3.32E-02 3.89E-02 3.77E-02 
T o t a l  -3.60E-02 1.19E-01 1.01E-01 
Two 0 1.82E-01 -4.76E-02 3.17E-02 3.33E-02 6.48E-02 0.00E+00 
7.21E-01 -1.17E-01 9.02E-02 1.02E-01 
Tota 1 -8.23E-02 7.14E-02 6.80E-02 
Two S 1.90E-01 -1.23E-01 3.04E-02 3.46E-02 4.24E-03 1.77E-03 
7.42E-01 -5.21E-02 4.33E-02 4.57E-02 
T o t a l  -8.75E-02 5.12E-02 3.63E-02 
TABLE F.5. 2 4 1 ~ m  R e l a t i v e  Bias and Prec is ion ,  and MDA (AMDA = 0.06 pCi /L)  
MDA. D C ~ / L  
Round Lab - -
One M 8.90E-02 
9.10E-01 
T o t a l  
One Q 
One S 8.90E-02 
9.10E-01 
T o t a l  
One T 8.90E-02 
9.10E-01 




Two 0 1.81E-01 
7.30E-01 
T o t a l  
Two S 1.89E-01 
7.52E-01 
To ta l  
TABLE F.6. Na tu ra l  Uranium R e l a t i v e  B ias  and P rec i s i on .  and MDA 
(AMDA = 5 vg/L) 
'ai MDA , NIL 
Round Lab - - ug/L r B A MDA(1) MDA(2) 
One C 7.24E+00 9.34E-01 2.39E-01 1.24E-01 I / D  1.89E+01 
7.78E+01 3.28E-01 1.26E-01 9.50E-02 
T o t a l  6.31E-01 3.73E-01 9.86E-02 
One H 7.24E+00 -3.09E-01 1.38E-01 2.00E-01 I / D  0.00E+00 
7.78E+01 -3.06E-01 2.23E-02 3.21E-02 











T o t a l  
7 .24~+00 
7.78E+01 
T o t a l  
7.24E+00 
7.78E+01 
T o t a l  
7.24E+00 
7.78E+01 
T o t a l  
7.78E+01 
7.24E+00 
T o t a l  
1.67E+01 
5.21E+01 
T o t a l  
1.67E+01 
5.21E+01 
T o t a l  
1.67E+01 
5.21E+01 
T o t a l  





T o t a l  
Two 1.67E+01 
5.21E+01 
T o t a l  
Two 1.67E+01 
5.21E+01 
T o t a l  
Two 1.67E+01 
5.21E+01 





T o t a l  
Two 1.67E+01 
5.21E+01 
T o t a l  
Two 1.67E+01 
5.21E+Ol 
T o t a l  
Two 
TABLE F.6. (Contd) 
A a i  
Round Lab - - ug/L 
Two X 1.67E+01 
5.21E+01 
T o t a l  
Two Y 1.67E+01 
5.21E+01 
T o t a l  
TABLE F.7. 6 0 ~ o  R e l a t i v e  Bias and Prec is ion ,  and MDA (AMDA = 50 pCi /L)  
A a i  a MDA, pCi/L 
Round Lab - - PC i /L r B A MDA ( 1 ) MDA(2) 
TWO AD 1.96E+02 4.51E-01 3.19E-01 2.20E-01 I / D  1.35E+02 
9.83E+02 2.00E-01 4.07E-02 3.39E-02 
T o t a l  3.26E-01 2.45E-01 1.41E-01 
TWO AE 2.30E+02 1.90E-01 1.78E-01 1.49E-01 I / D  0.00E+00 
9.88E+02 9.19E-02 2.40E-01 2.20E-01 
T o t a l  1.41E-01 1.96E-01 1.68E-01 
TWO AG 2.30E+02 -6.93E-01 2.62E-02 8.53E-02 2.60E+01 4.68E+01 
9.88E+02 -7.22E-01 1.13E-02 4.05E-02 
To ta l  -7.07E-01 2.40E-02 5.97E-02 
TWO A1 2.02E+02 1.24E+00 8.22E-01 3.67E-01 I / D  1.48E+02 
1.16E+03 3.71E-01 2.00E-01 1.46E-01 
T o t a l  8.07E-01 7.17E-01 2.50E-01 
TWO AJ 2.02E+02 -8.84E-01 8.98E-02 7.78E-01 I / D  5.37E+00 
1.16E+03 -5.91E-01 6.25E-01 1.53E+00 
T o t a l  -7.38E-01 4.30E-01 1.08E+00 
TWO AN 2.30E+02 8.54E-02 3.65E-02 3.36E-02 I / D  0.00E+00 
9.88Et02 4.42E-03 4.19E-02 4.17E-02 
T o t a l  4.49E-02 5.66E-02 3.39E-02 
TWO AU 2.02E+02 1.17E+00 6.94E-01 3.20E-01 2.71E+02 2.67E+02 
1.16E+03 1.37E+00 2.54E-01 1.08E-01 
T o t a l  1.27E+00 4.80E-01 2.13E-01 
Two BF 2.30E+02 5.80E-02 2.51E-02 2.37E-02 I / D  2.13E+01 
9.88E+02 1.13E-01 1.75E-01 1.57E-01 
T o t a l  8.57E-02 1.16E-01 1.01E-01 
TWO E 2.02E+02 6.77E-02 2.73E-02 2.55E-02 1.63E+02 6.61E+01 
1.16E+03 5.38E-02 8.82E-02 8.37E-02 
T o t a l  6.07E-02 5.89E-02 5.54E-02 
TABLE F.7. (Contd) 




T o t a l  
Two 2.30E+02 
9.88E+02 
T o t a l  
Two 2.02E+02 
1.16E+03 




T o t a l  
Two 2.30E+02 
9.88E+02 
T o t a l  
Two 2.02E+02 
1.16E+03 
T o t a l  
Two 2.02E+02 
1.16E+03 
T o t a l  
Two 2.02E+02 
1.16E+03 
T o t a l  
TABLE F.8. 13'cs R e l a t i v e  Bias and Prec is ion ,  and MDA (AMDA = 59 pCi /L)  











A a i  MDA, pCi/L 
pCi/L r B s~ MDA(1) MDA(2) 
1.51E+03 2.96E-02 2.56E-02 2.49E-02 1.28E+01 1.14E+01 
1.38E+04 -1.73E-02 3.73E-02 3.80E-02 
T o t a l  6.14E-03 3.85E-02 2.87E-02 
1.51E+03 -6.62E-03 5.70E-10 0.00E+00 I / D  0.00E+00 
1.38E+04 1.45E-02 0.00E+00 0.00E+00 
T o t a l  1.16E-02 3.94E-03 0,00E+00 
1.51E+03 -8.61E-02 6.62E-03 7.25E-03 8.96E+01 5.48E+01 
1.38E+04 -7.37E-02 1.66E-02 1.79E-02 
T o t a l  -7.99E-02 1.32E-02 1.22E-02 
1.51E+03 -1.13E-01 1.67E-01 1.88E-01 I /D  0.00E+00 
1.38E+04 -2.42E-02 4.18E-03 4.29E-03 
T o t a l  -6.84E-02 1.16E-01 1.19E-01 
1.51E+03 -1.56E-02 7.74E-03 7.86E-03 3.88E+01 1.90E+01 
1.38E+04 -5.39E-03 7.20E-03 7.24E-03 
T o t a l  -1.05E-02 8.73E-03 6.76E-03 
1.38E+04 -1.16E-02 5.86E-03 5.93E-03 6.78E+00 7.48E+00 
1.5.1E+03 -3.97E-03 7.28E-03 7.31E-03 
T o t a l  -7.78E-03 7.24E-03 5.96E-03 
1.51E+03 -9.27E-02 4.14E-02 4.56E-02 I / D  0.00E+00 
1.38E+04 -1.45E-01 1.26E-02 1.47E-02 
T o t a l  -1.19E-01 3.96E-02 3.03E-02 
1.51E+03 -1.70E-01 7.16E-03 8.63E-03 5.37E+01 5.29E+01 
1.38E+04 -1.49E-01 6.52E-03 7.67E-03 
T o t a l  -1.59E-01 1.26E-02 7.30E-03 
2.34E+02 2.56E-02 7.41E-02 7.23E-02 I / D  1.02E+00 
1.35E+03 -5.67E-03 4.27E-03 4.30E-03 
T o t a l  9.98E-03 5.00E-02 4.58E-02 
2.67E+02 3.75E-02 1.57E-01 1.52E-01 I / D  0.00E+00 
1.15E+03 -6.42E-02 2.05E-01 2.20E-01 
T o t a l  -1.34E-02 1.73E-01 1.69E-01 
TABLE F.8. (Contd)  








T o t a l  
Two 2.34Et02 
1.35Et03 
T o t a l  
Two 2.34Et02 
1.35Et03 




T o t a l  
Two 2.34Et02 
1.35Et03 
T o t a l  
Two 2.67Et02 
1.15E-l-03 
T o t a l  
Two 2.34Et02 
1.35Et03 
T o t a l  
Two 2.34Et02 
1.35Et03 
T o t a l  
Two 2.67Et02 
1.15Et03 
T o t a l  











T o t a l  
2.67E+02 
1.15E+03 
T o t a l  
2.34E+02 
1.35E+03 
T o t a l  
2.67E+02 
1.15E+03 
T o t a l  
2.34E+02 
1.35E+03 
T o t a l  
2.34E+02 
1;35E+03 
T o t a l  
2.34E+02 
1,35E+03 
T o t a l  
MDA, pCi /L  
MDA( 1) MDA( 2 
APPENDIX G 
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APPENDIX G 
PROPAGATION OF ERROR I N  SPIKED ARTIFICIAL URINE SAMPLES 
The methods used t o  est imate the  t o t a l  e r r o r  i n  t he  i n  v i t r o  t e s t  samples 
were the  same as those discussed by Kanipe (1977). B r i e f l y ,  the  i n d i v i d u a l  
components o f  t he  t o t a l  e r r o r  were assumed t o  be independent, normal ly  d i s -  
t r i b u t e d  va r iab les  and t h a t  propagation o f  e r r o r  f o r  t he  man ipu la t ion  o f  
var ious  func t i ons  cou ld  be expressed as below. 
Funct ion E r r o r  Formula 
Using the  e r r o r  formulas above, the  equat ions d e t a i l e d  i n  Appendix B, and 
the  e r r o r  est imates quoted i n  t he  NBS c e r t i f i c a t e s  supp l ied  f o r  each nuc l ide ,  
the  t o t a l  e r r o r  i n  the  prepared samples was estimated. 
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